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Of Fluids. 



C H A P. I. 

r 

t)F HYDROSTATICS J OR THE EFFECTS WHICH ARISE 
FROM THE GRAVITY OF FLUIDS. 

A FLUID is a body whofe parts readily yield to a 
any impreffion, and in yielding, are eafily moved 
amongft each other. 

The caufe of fluidity is not perfeftly known, n 
Some are X>( opinion that the particles pf fluids are 
ipherical, and, in confequerice of their touching 
each other in few points, cohere very flighdy, and 
eafily flip or Aide over each other. But that the 
particles of fluids are of the fame nature or figure 

Vol. II. ' B as 
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2 CAUSE OF n.UIDIT,Y» 

as thofe of folids, fccms probable, from the very 
frequent converfion of the one into the other. It 
does not feem rational to fuppofe that the particles 
of gold, lead, glafs, &c. when in fufion, are r^n-J 
dcred fpherical by the aftion of the fire, and whea ■ 
that aftion ceafes, that the particles refume thpir 
former figure, as the bodies become folid by cooling. 
Neither can we eafily imagine, that the particles of 
water are changed by cold, when it becomes a folid 
and brittle lump of ice, and are again reinftated in 
their original form, when the ice, by diffolution, is 
again turned to water. 

The original caufe of fluidity,, then, does not ap- 
pear to confift in the -figure of the particles, but 
firaply in their want of cohefion. 

If the particles of a body cohere ftrongly toge- 
ther, it is evident that they will not ^afily move 
amongft each other. An imperfedl cohefion muft 
therefore be one of the properties of a fluid mafs ; 
and that the fmallnefs of the particles is requifite 
to fluidity, will appear by confidering, that the fur- 
face of a body compofed of fmall particles muft be 
much more fmooth and even than the furface of a 
body compofed of, larger particles: that two flat 
bodies may be conceived to confift of particles fb 
finall that their furfaces fliall difitr infenfibly from 
perfeft planes : that thefe bodies, if placed on each 
other, will Aide without the leaft fenfible friftion : 
and that if the particles of thefe bodies thus placed 
on each other be, by any means, deprived of the 
whole> or the greateft part of their cohefion, the 

bodies 
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PRESSURE OF FLUIDS. 3 

bodies will not only Aide on each other in the juft 
mentioned plane, but the parts of the mafe will alfo 
Hide on each other in any other direftion whatfoever. 
Confequently they will readily yield to any imprcf- * 
fion, and in yielding, be eafily moved amongft each 
other; that is, they will conftitute a fluid mafs. 

But the enquiry, wherein confifts that change e 
which bodieis undergo when their confiftency is al- 
tered fo as to make them aflume a fluid form, either 
denfc and almoft incomprefllble, or vaporous and 
clafl:ic, belongs not to this place, but to chemiftry. ^ 

That fcience, which treats of the eflfefts arifing p 
from the weight of fluids, is calTed hydroftatics. 

The parts of fluids are heavy ; but becaqfe the o 
upper parts refl upon, and are fuftained by, the parts 
beneath, and becaufe, by the property of fluids, the 
parts are readily moved in all diredlions, 'upwards as 
well as downwards, they do not at firft confideration 
appear to be heavy. 

The bottom of an upright prifmical or cylin- h 
drical veflel is prefled by the whole weight of the 
fluid contained ; and as the weight of the fluid is in 
proportion to its height, fo is likcwife the prefliire. 
Thus, in the cylinder ab (fig. 114) when filled to 
c, the bottom is prefled by, or fuftains a certain 
weight, fuppofc one pound; if it be filled to d, 
the prefliire becomes two pounds; if to a, three 
pounds, &c. ^he heights betwe^h b, c, d, and a 
being fuppofed equal. 

The whole of any fluid mafe may be imagined to i 
confift of a number of columns of an inconfiderablc 

B 2 thicknefs^ 
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4 PRESSURE QF^ FLUIDS. 

thicknefs, which ftand perpendicularly. on the bale 
of the containing veflel, and prefs the fame with 
their refpedlivc weights, 'the preffure, then, if 
the height remain the fam^> is as the number of 
columns, and this number is as the area of the 
K bafe. Conlequcndy in veffels whofc bafcs differ* 
as to area, and which contain fluids of the fame 

denfityji but different heights, the preflTure will be 

. ■IP 

in the compound ratio, of the bafes and heights; 
that is, in numbers, as the area of the bafe. multi- 
plied by the height of the fluid in one veffel, is to 
the area of the bafe multiplied by the height of the 
fluid in the other vefTel, fo is the prefliire fuflained 
by the bafe of the one to the preffure fuftained by 
the bale of the other vcffeL 

L In like fituations, the preffures of fluids will be a$ 
their dcnfities, 

M The dcnlitics being difcoverable mofl: readily by 
the different weights of bodies of the fame bulk, 
the comparative denfities of bodies are therefore 
called their fpccific gravities. 

N If the columns of which a fluid mafs'^was fup-^ 
pofed to confift (3, i) were formed of parricles 
lying in perpendicular right lines, the preffure of 
the fluid would be exerted on the bottom of the 
veffel only i but, as they are fltuated in every irre- 
gular pofition, there mufl:, of confequence, be a 
preffure exerted in every direftion j which pref- 
fure xnuft be equal at equal depths. For if any 
part of the whole mafs were not equally preljed 
on all fides, it would move towards the fide on 

which 



PRSSSUHE O? FLtTIDS. 5 

which the prelHire was leaft; «nd would not become 
quieftent till fuch equal prelTore was obtained. The 
quiefccnce of the parts of fluids is therefore, a proof 
that they are equally preiied on aU (ide& 

On this account it is, that flmds, as far as they o 
are not prevented by external accidents, always con- 
form their upper furface to the plane of the hori- 
zon. For if any column or part of the fluid be 
elevated above the reft, it will defcend partly by 
finking^ into the fluid, and pardy by its lateral pref- 
fore, tl\at will caufc it to fpread fideways over the 
fur&ce, till it becomes uniformly of the lame height^ 
or horizontal. 

' The equal prcflTure of fluids ip every diredion, p 
being underftoodj may be applied to account for 
many phenomena that happen to them in diflTerent 
circumftances ; fome of which are the foUoMring. 

The horizonul bottom of a veflcl is preflied by, ij^ 
and fiiftains no more nor le6 than, the weight of a 
column of the fluid it contains, whole bafe is the 
bottom itlelf, and whofe height is that of the fluid. 

In the veflel tCDt (fig. 115) the bottom cd r 
fuflg^ns no more than the column a b d c. For the 
other parts of the contained fluid can only prels 

« 

the column a b d c laterally, and therefore contri* 
bute not at all: to the increafe of the weight or pref- 
fure on the bottom c d; but reft inrirely on the fides 
EcandFO. 

Alfo in the vcBk} ec df (fig. 116), the bottom 
B F fuftains , a prelTure equal to the weight of a 
column whofe bafe is e f, and height equal to c a. 

B 3 For 



6 HYDROSTATICAL PARADOX* 

For the preflure at a b is equal to the weight of 
the column abdc, and its lateral preflure, which is 
equal to the fame weight, muft caufe the parts be- 
tween E A and B F to prefe the bottom with an equal 
force in proportion to the forfaces they coverl. Cortr * 
fequendy, the effeft will be the fame as if the whole 
fluid were of the height c a, 

T From thcfe two cafes combined, the reafon is 
evident, why fluids contained in the feveral parts 
of veflcls (fig. 117), remain every where at the 
fame height. For the lowed part where they com- 
municate, may be regarded as the con)mon bafe ; 
and the fluids, which refl: thereon, are in equilibrio 
then only, when their heights are equal, however 
their quantities may vary. 

u The hydrofl:atical paradox, as by fome it is. called, 
depends on the equal pjeflure of the parts of fluids 
^ every where at the fame depth. It is this. 

v Any quantity of fluid, however fmall, may be 
made to counterpoife and fuftain any weight, how 
large foever. 

w Let ad6g (fig. iiS) reprefent a cylindrical 
veflel, to the infide of which is fitted the cover c, 
which, by means of leather at the edge, will eafily 
Aide up .and down in the internal cavity, without 
permitting any water to pafs between it and the 
furface of the cylinder. In the cover is inferted 
the fmall tube cf, open at top, and commu- 
nicating with the infide of the cylinder beneath the 
cover at c. l*he cylinder is filled with water, and 
the cover put on. Then, if the cover be loaded 

with 



^ hyArostatical paradox. 7 

with the weight, fuppofe of a pound, it will be 
deprefled, the water will rife in the tube to e, and 
the weight will be fuftained. If another pound be 
added, the water will rife through an equal fpace to 
F, and 'the weight will be fuftained, and fo forth, 
according to the weight added, and the length of 
the tube. Now, the weight of the water in the tube 
is but a few grains; yet its lateral preffure ferves to 
fuftain as much as the weight of a column of water, 
whofe bafe is equal to that of the cylinder, and 
height eqiml to that in the tube. Thus, the column 
1 c produces a preffure in the water contained in 
the cylinder, equal to what would have been pro- 
duced by the column a ado; and, as this prefilire 
is exerted every way equally, the cover will be 
prefled upwards with a for^e equal to the weight of 
Aado: confequently, if a ado would weigh a 
pound, E c will fuftain a pound : and . the like is 
true of other heights and weights. And by dimi- 
niftiing the diameter of tjie tube, any quantity of 
water, how fmall foever, will, in theory, fuftain any 
weight, however large. 

The fame may be fliewn more (imply thus : x 

I-ct AGBD (fig. 119) reprefent a hollow cylin- 
der, and M N a cylinder of wood, which nearly fills 
its cavity. In the cylinder, fuppofe a litde water, 
whofe furface is gb 5 then, if the wopden cylinder 
be put into the hollow one, the water will rife be- 
twcen the furfaces to a and d, and the wood will be 
fuftained floating. The nearer the wooden cylinder 
approaches to the fize of the cavity, the lefs water 
is ncceffary for the experiment, 

B 4 • CHAP. 
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CHAP. II. 

OONCBRNING BODIES IMMERSED IN FLUIDS> AND 
THE METHODS OF FINDING SPECIFIC GRAVI«« 
TIES, 

If a foUd'body be plunged in a fluids it will bo 
prefied on all fides^ but not equally. / Let dbec 
(fig. 1 20) reprefent a folid prifinatic body, im-' 
merfed, with its axis vertical, in the fluid coh^ 
(ained in the velTel f g i h, then the fides d c and b.b 
will be equally prcflcd; the upper furface db 
will be preflTcd with the weight of a column, whofe 
bafe is d b, and height a d, and the under furface 
will be preflfed upwards with a force equal to the 
weight of a column whofe height is ac (4, n). The 
body will therefore be impelled upwards by a forte 
equal to the cxccfs of ac above ad -, that is, equiva^ 
lent to the weight of a column of the fluid whofe, 
length is c, the bafe being all along fuppofed to 
be unvaried. Whence it appears, that every prifm, 
whofe axisjs perpendicular to the horizon, will, 
if it be totally immerfed in any fluid, be im- 
pelled upwards by a force, which is equal to the 
weight of a quantity of the fluid of the fame bulk 
with the prifm. And fince any fblid whatfbever 
may be conceived to be formed of an indefinite 
number of fuch prifms, it is' evident that the 
rule is true of aH bodies, without re^eft to figure. 

But 
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But as all bodies, hj Ac force of gravity^ tend b 
downwardSji it depends upon the abfolute weight 
of the immerfed body, whether it Ihall afcend or 
defcend. If the weight of the body exceed that 
of an equal bulk of the fluid, the excefs of force 
tends downwards, and it win defcend.; but, on the 
contrary,, if the weight of the body be lefi than 
that of an equal bulk of the fluid, the above- 
mentioned preflbrc will prevail, and it will afcend ; 
if bodi be precifely equal, the body will remain at 
reft any where in the ftaid. 

Theft things being confidered, it appears thiat c 
any body, how heavy foever, may be made to 
fwim, or any body, how light foever, to fink, if 
means be ofed to keep off the preflure of the fluid 
from the one or other fide, as circumftances require : 
for if A D B K be fuppofed to reprcfent an open d 
tube, inftead of a column of the fluid, and the 
body D B c E be applied dofcly to its lower orifice, 
fo that the fluid may not enter the tube, the prcf- 
fure on »p will be taken ofl^, and confequendy 
the body will be prefled upwards with a force 
equal to the whole column >c. If that column 
be of fufiicient length, that is, if the body be im- 
merfed fufiiciendy deep, the prefllure will exceed the 
gravity of the body, and therefore fuftain it. In the 
fame manner, if m be a body applied to the open s 
end of a tube, which is clofcd at n, the inferior 
preflure being taken ofi^, the body will not rife, how- 
ever light, but remain immerfed, by means of the » 
preflTure on the fuperior furface. 

When 



lO 



FLOATING bodies; 



When a body floats at the furface of a fluids 
the quantity of the fluid, ^fplaced by the part 
immcrfed, is equal in weight to the floating body. 
For fincc the body prcflcs downwards with its 
whole weighty it mud fink till the prelTure, which 
the fluid exerts upwards, is equal to that weight. 
In this fituation, fuppofe the fluid to be con- 
gealed, and the folid then removed: a cavity 
will be left in the fluid correfponding in form 
and magnitude with the immerfed part of the 
folid. Imagine this cavity be filled with a quan- 
tity of the fame fluid, fo that its furface niay be 
level with the reft, and the whoje fluid then 
thawed. The fluid 'which occupies the place of 
the folid will then be preflTed upwards with a force 
equal to that fuftained before by the folid, namely, 
equal to the weight of the folid. But it is not 
moved by that force, for the furface mufl: cbnti- 
nue level (5, 0), as before the thaw. The lafl: men- 
tioned quantity of fluid muft therefore prefs down-^ 
wards with an equal force. That is to fay, the 
weight of a quantity of fluid equal in .bulk to the 
immerfed part of a folid which floats on its furface, 
is equal to the. whole weight of the folid. 

By the fame argument, it follows, that if a 
floating body be loaded with weights, fo as to caufe 
it to fink deeper in the fluid, the additional parts 
immerfed will in bulk be equal to^ or difplace, parts 
of the fluid, whofe weights are equal to thofe the 
floating body was loaded with. 
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SPECIFIC GRAVITIES. 1 1 

Since bodies of equal bulks will lofe the (ame h 
quanticy of abfolute )veight when immerfed in fluids 
of equal denfity, it follows obvioufly, that the bulks 
of bodies are in proportion to the lofe of weight 
they fuftain by immerfion in a given fluid. Whence 
we have ?n cxa6t method of determining the bulks 
of bodies whofe weights are known, and from flience 
finding their Ipecific gravities. For, 
As the bulk of one body, or the weight it loles 

by immerfion. 
Is to its mafs of matter, or abfolute weight. 
So is the bulk of any other body, or the weight 

it lofes by immerfion. 
To the mafs of matter, of abfolute weight, it 
would have had if of the fame fpecific gravity 
with the firft body. Which weight laft found 
being compared with the real weight of the 
latter body, fliews the proportion of their fpe- 
cific gravities.. 
For example: if 340Z. of lead be weighed in i 
water, and the diminution be 3 oz. and 1 5 oz. of 
tin be alfo weighed in water, and the diminution 
appear 2 oz. it is required to determine the pro- 
portion of their fpecific gravities. For which pur- 
pofc. 

As the diminution in the lead 3, is to its weight k 
34, fo is the diminution in the tin 2, to the 
weight of a mafs of lead of the fame bulk 12^ oz. 
which is to 15 as the fpecific gravity of lead is to 
that of tin, that is to fay, in slower terms, nearly 
gs 114 to 74. 

But 
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L But it IS more ufual and convenient to make 
rain-water the ftandard, and refer the other fub- 
ftances to it : thus, in the inftances juft mentioned^ 
the weight of a mafs of waiier equal in bulk to the 
lead is 3 oz. : lead is therefore to water as 34 to 3, 
or as 1 1 1 to I ; and in like manner, tin is to water 
as 15 to 2, or as 7^ to !• 

M When the folid is lighter than the fluid in which 
it is Weighed, an additional body of greater den- 
fity may be joined to it : for inftance, fuppofe a 
piece of cedar- wood, weighing 92 dwts. were re- 
quired to be weighed ; join to it, by means of a 
fmall hair or thread, a piece of lead, whofe weight 
in water is known, *and weigh them immcrfed to- 
gether. , The lead will then appear to weigh lefe 
by 58 dwts. than it did without the, addition of 
the cedar 1 from whence it is evident that the ce- 
dar is impelled upwards by a force that exceeds 
its own weight by that quantity, or, in other words, 
. that a quantity of water equal in bulk to the 
cedar, will weigh 92 + 58, or 150 dwts.; confe- 

' quently the fpecific gravities of water and cedar 
are in proportion as 150 to 92, or in lower terms, 
as I to -/-s- nearly. ^ / 

N In this experiment it is neceflary firft to fmear 
the wood lightly with fome fat fubftance, other- 
wife the water will be imbibed by the wood, and 
will render it fpecifically heavier than before. In 
fa6t, wood is not fpecifically lighter than water, 
but by means of the air-veflels which run through 

its fubftance. 

The 
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The bcft method to difcover the fpecific gravi- e 
tics of fluids is, to weigh the fame fubftancc in dif- 
ferent fluids j and becaufe the diminution it fufitrs 
in weight is equal to the weight of a quantity 
of the fluid of the fame bulk, we thence obtain 
the weights of equal quantides of different fluids^ 
and the fpecific gravities are as thole weights; 
thus, if a piece of glafs weighed in the concentrated 
acid called oil of vitriol, lofe 85 grs. .and when 
weighed in water only 40 grs. their fpecific gra- 
vities will be as thofe numbers, or in lower termsj 
as 21-^ to 10. I 

The hydrometer, or inflrument ufually applied p 
to find the fpecific gravities of liquids, is con* 
ftrudted as follows : a b (fig^ i a i ) is a tube 
of glafs, joined to a hollow ball c> at the bot- 
tom of which is a fmallcr ball o. In the cavity 
b is placed a quantity of quickfilver, by which 
the infl;rument is {o poifed, that it fwims in 
proof fpirits of wine imraerfed to the point m. 
A quantity of proof fpirits equal in weight to 
the whole inftfument, vJ^ill therefore be equal in 
bulk to the immerfed part (10, f). If it be im- 
mcrfcd in another liquid, whofc fpecific gravity 
is greater, it will fwira with the tube higher out 
of the water, fuppofe to the point b. Then the 
weights of the quantities dHplaced remaining the 
fame, their bulks will be as the immerfed parts of 
the hydrometer, and" the fpecific gravities of the 
fluids will be inverfely as thofe bulks. The 
proportion which any "length of the tube bears to 

the 
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Ac whole bullc of the inftrument being known^ it 
will not be difficult to graduate the tube fo as to 
indicate the fpccific gravities by infpeftion. • But 
this, however, is fcarcely ever done. 

Q^ This inftrument is very confined inats ufe. For 
if, the liquors differ confiderably in Ipecific gravity, 
they exceed the limits of the graduation: thus 
the hydrometer, adapted for fpirits, will fwim 
in water with part of the ball "above the furface ; 
and if it be adapted to water, it will not fwim 
in Ipirits at all It is true, this may be reme- 
died, either by lengthening or widening the tube : 
but the firft is inconvenient, and the latter would 
make the graduations fo fhort, as to render them 
of little ufe. 

It To make this inftrument of more fervice, there 
has been added a litde plate or difh d d (fig. 122) 
at the top of the tube, upon which may be placed 
weights, as convenience requires. For example, 
if the whole inftrument float immerged in Ipirits 
to the point m, it will require an additional weight 
to fink it to the fame depth in water. Suppofe the 
inftrument to weigh 10 dwts, and to be adjufted to 
rcftified ipirits of wine, it will then require the 
addition i^% dwt. to fink it to the fame point in 
water. Confequendy it appears, that the Ipecific 
gravity of water is to that of fpirits of wine as 1 1 -jV 
to 10, or in lower ternis, as i to t^. 

s This is the beft hydrometer, both in refpeft to 

exa^lnefe and facility in pradlice. The inftrument 

ufcd by the officers of Exciie, is very well adapted 

8 for 
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for iti purpofe, which is more confined : it differs 
fix)m that here defcribed, by having its additional 
weights fcrewed on at a ftcm at e. Thcfc inftru- 
ments are ufually of copper. 

» 

An attempt has been made* to adapt the hydro- t 
meter to the general purpofe of finding the fpecific 
gravity, both of folids and fluids (fig. 123.) a is a 
hollow ball of copper j b is a difh affixed to the 
hall by afhort flender ftem d; c is another dilh 
affixed to the oppofite fide of the ball by a kind 
of ftirrup. In the inftrument adually made, the 
ftem D is of hardened fteel, -^ of ^n inch in dia« 
meter, and the difh c is fo heavy as in all cafes to 
keep the ftem vertical, when the inftrument is made 
to float in any liquid. The part^ . are fo- adjufted 
that the addition of 1000 grains, in the upper 
difli B, will juft fink it in diftilled water, at the 
temperature of 60^ of Fahrenheit's thermome- 
ter, fo that the furface fliall interfcdl the middle 
of the ftem d. Let it now be required to find the 
fpecific gravity of any fluid. Immerfc the inftru- 
ment therein, and by placing weights in the difh 
B caufe it to float, fo that the middle of its ftem 
D ftiall be cut by the furface of the fluid. Then, 
as the known weight of the inftrument added 
to 1000 grains; is to the fame known weight 
added to the weights ufed in producing the laft 
equilibrium : fo is the weight of a quantity of di- 
ftilled water difplaced by the floating inftrument; 
to the weight of an equal bulk of the fluid under 

* By the author of this work. 

confideration. 
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. confideradon. And theie weights give the ratio of 
the fpecific gravities (4, m). Again^ kt it be 
required to find the ipecific gravity ^ of a foUd 
body lefs thao 1 000 grains. Place the inftrument 
in diftilled wateo and put the body in the diih b. 
Make the adjufttnent of finking the inftrument 
to the middle of the .ftemj by. adding weights in 
the fame di(h. Take thole weights from 1000 
grains^ and the remainder will be the weight of 
the body. Place now the body in the lower dilh 
, c, ^and add more weight in the u[^r diih b^ till 
the adjuftment is again obtained The weight laft 
added will be the lofs the (olid fuftains (8. Zy a) 
by immerfion^ and is the weight of an equal bulk 
of waten Confequendy the fpedific ^gravity of the 
folid compared with water» is as its weight to the 
lofs it fuftains by immerfion. 

u This inftrument was found to be fufficiendy ac- 
curate to give weights true to lefs than one twen- 
tieth of a grain. , 

V Experiments concerning fpecific gravides are 
more difficult to be made with accuracy than au«- 
thors m general fcem to imagine. For we often 
fee tables of fpecific gravities carried to four, five, 
and even fix places of figures ; whereas a diSerence 
of a few degrees in the temperature of the water will 
change the fourth figure. In diflferent fpecimens 
of the fame wood, the fpecific gravities will .vary 
in the third figure, as will alfo metals caft out 
6f the lame melting, but cooled more quickly or 
flowlyj and thefe alfo are alterable by hammer- 

ing^ 



ing*'.' Natural and ardBbial compounds have like- 
wife great varieties of denfity in the fevdral fpeci- 

• 0, - 

mens denoted by the fame name. 

A Table of Specific Gravities, cxfiha6ied.ffom 

various Authors* 
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Karnes Auchort; 


9p« Gravity. 


Phtina. • * - Kirwaii * 


^ - 23.000 


Gold . «> -^ - Mafchenbroek 


19.238 to 19.640 


Gold fiandard of George XL Mufchenbroek 


17.150 


Silver - ^ '- Kirwan, Mofchfiiy - 21^091 


Copper - • * Kirwan * 


8*7 to 9.360 


Steiel foft . - * MufchcAb. * 


7.738 to 7.89J}; 


Steel elaftic * « - Mafchenbroek 

1 


7.809 


• 

Iron bar ^^ « ^ Mufchenbroek 


-* 7.60 to 7.875 


Lead <> • -^ Mufchenbroek 


IX. 22^ to 114479 


Tin • •> - Muj^enbroek 


7.000 to 7.450 


Mercury ... Mijnienbroek 


13.55 ^ 14.110 


Zink . • • Kirwan 


-. 6.9 to 7.24 


Regultts of antimony • Kirwan ' «* 


6.860 


llegulus of arienrc • ^ IQrwan 


- - 8-3 'O 


fiifmuth * • » Kirwan 

r » . , _ 


9.6 to 9.7 


Cobaitj the regulas - Kirwan 


- • 7-7 


Nickel - * . Kirwan 


7.421 to 9.000 


^egulus of manganefe - Kirwan 


6.850 


Wolfram, the regulus -f ^^ Luyart 


17-6 


Common brimflone •• Mufchenbroek 


r.8 


Fineglafs ... Mufchenbroek 


3*150 to 3.380 


Plate glafs •• - - Mufchenbroek 


- - 2.^88 


Plate glafs - - - B, Martin 


2.76 


(Grreen ^af^ for retorts^ &c. Mafchenbroek 


a.620 



* Experiments frequently* repeated by the Author have 
Ihewn l\k fpedfic gravity of two nearly equaf fitaooth' cylind<^f s 
of lead^ caft out of the fame fufion were to each other as 1 138 
CO X125. 

f A chemical analyAs of wolfram. London^ ^7^S' 

Voii. II. C Crown 
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NlHMS. ' 


Atttbort* 


Sp^Ctfavit;^ 


Crown glafs 


B. Martin 


. - a-S* 


White flint' ',« 


6. Martin 


3-29 


Wtitc flint 


• • ^ > <* 


3;2i6 


Danfe glafs for achcomatic 


f 


• : :, 


ufes 


« 


f-437 


Tht concave of an achro- 






matic lens 


- 


3.436 


Calcareous fpar (calx aera« 

» * - r . . ^ 


1 


• 


ta) froni' the fame piece 


- 1 ' 


2.7 1 1 toa.726 


Ponderous fpar or barytes 




/■ 


/'vitrlolata - ^ 


- 


4474 


Quarts - 


Mufchehbroek 


2.763 


Rock cryftal 


• 

Mufchenbroek 


2.650 


Diamond - 


Mufchenbroek 


3.466103.654 v^ 


Rain-wateV 


. 


1.006 ^ 


DiftiUed water - ' - 


Mufchenbroek 


6.991 


River Vater 

» 1 


l^ufehenbroek 


1 .00^ 


iSea water 

4 


MIdchenbroek 


1.03b 


• 

Saturate folution of fea-falt 


Mufchenbroek 


* i«244 


Concentrated vitriolic acid 


Bergman 


2.12J 


Concentrated nitrous acid 


"Bergman 


1.58<J 


Concentrated muriatic acid 


Bergman 




Concentrated fluor acid - 


Bergman 


f.5P9 


Oil of amber 


Mufchenbroek 


0.978 


Oil of fweet almonds 


Mufchenbroek 


'&.92S 


Oil of olives 


Mufchenbroek 


- 0.913 


Naptha 


Mufchenbroek 


0.708 


Reftified fpiricof wine « 


Mufchenbroek 


0,866 


Alcohol 


Mufchenbroek 


0.815 


Ether " - * 


Mufchenbfoek 


0.73X 


.Air at the cartli*s furface 


Mufchenb. 


0.001} too.ooi^ 


Air. Barometer at 30 In. 




r 


Thermometer jz* . - • 


Atwood 


0.001279 



CHAP. 
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;C HAP. m. 



OF THE MOTION OF FLUIDS WHICH ARISES FROM 
THE PRESSURE OF THEIR SUPERINCUMBENT 
f ARTS. 

'MJpl prefTure of fluids being (hewn to be in j)ro- x 
portion to their depths (3, h) it will not ht diffi- 
cult to find the celerities with which they (pout 
ferth from fmall apertures in the fides or bottoms 
of veflcls. 

For this purpoft let us fuppofe p qjs R (fig. 1 20) 
to be a prifmical column of any fluid that paflTes 
through a hole in the bottom of the veflel f h i o. . 
If the height p q^ be afl^tt^ indefinitely fmall, the 
preflurc by which the velocity is produced may be 
eftcemed conftant, becaufe the column o p r v, 
whofe weight (5, q^) is the meafurc of that 
preflure, does not acquire any definite increafe 
during the paflage of the cokimn rfiroUgh its height 
p (^ The weight of the column o p r v exceedfi^e 
weight of the column jp q^s r in the fame proper- • 
rion as the height p o exceeds the height p q^, and 
confequently the aftion^ or preflure exerted on the 
column p QJ5 R exceeds its mere gravity in the fame 
proportion. Therefore, whatever may be the final 
velocity, or velocity of emiflion, produced in the 
column P QJ^ in pa^ng through p q^, it will be 
required, in order OTJ^roduce an cqu^ final velo- 
city by the mere adioit of gravity, that the fame 

C 2 colun^n 
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column fhould defcend through a Tpace Dp|pr- 
lionably greater as this laft is lefs d^Mie. former 
force ti. 36, h),' namely thrdjUghlflRe equal to 
y p o. That i^ to fay, the velocity of any fluid iffu- 
iftg frbrh a hole in the bottom of a veflel is equal 
to that ^ich would be squired by, a body falling 
^ " freely by its gravity through a fpacc equkl to the 
perpendicular height of the fluid above the h|^ 
z And becaufe fluids prefs equally every way at 
equal depths (4, n), this theorem holds good 
likewife with refpeft to fluids that fpout chrqugh 
apertures at the fides of veflels, or with any obliqui- 
ty whatfoever. 
A Hence the motions of fpouting fluids may be 
reduce^ to tule. For every part of the projefted 
^ ftream being confldered jM^body in motion^ thrown 

with a given velocity^md direftion, the fame 
. principles will be equally applicabk to fpouting 
B fluids and to projeftiles of any other kind. Thus ' 
if the fluid fpout direftly downwards, its velocity . 
in any point of its courfe will be equal to the vc- 
lodty of emiflion added to that which it would 
HHe acquirtd by gravity in its fall from the aper- 
ture; or, (ao, y) which is the fame thing, its 
velocity will be the fame as if it had fallen from 
the furface of the fluid. If it Ipout direftly up- 
wards, it will (i. 31, P. II. 20, y) proceed with an 
uniformly retarded motion, which will carry it to 
the level of the furface of the flui^^in the vefleL 
"^ If it fpouts in any other dk|iftioD, its courfe will 

be nearly It: |)aTabola (1. 97, u). 
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of ibunainsi S>r int conftrudHon orWick thei^ 
u provided a refervpir^ ^evfit^d copfidcra^y gbovf 
tbe plane m which th^ fountain is to be made* 
A pipe^ commumcg^ng with the FcferypiF> \% ^qn^ 
veyed to the middle of a bafon, and by means of 
a perpendicular fpout, called the adjutage^ throws 
the water up in the air to a height which is in 
the level of the furface of the water in the refer- 
voir. ' 

But in applying thefc obfcrvations 16 practice, d 
there are many circumftances that tend to diminifh 
th^ quantities pf njotipn. Thcrg arc few fl^ilds 
tfaiat h^vc; not a confifler^ble degree of cpl^efion of 
(^nacity^ which ppv^cs i^eir par^s ffpm moving 
a3 freely as otherwife they wqu14 h»ve done; an4 
^ fri&ion ag^inft th? Qd^ of tubes very much 
m^jcis the motion of the i/ipluded iteMp if the 
mb€3 b? lopg, fniMl or crpoked, anfl £he velocity 
grflf^The air wbich> extricating itfelf from tj>? 
watcfj pccupies the vpper parts gf ben|ak>es» if 
pften a grq|ji||{bftacl£ to the courfe o^^^water^ 
find Wt flig^ucntly flops its progrcfs entirely. 
In £|untafcns^ ^fpecially where th^ |9uid is thrown 
|><!i|;i9pdk\]larly upwards/ the part that 4s falling 
f<eiJ^ wpoa fhe ^{qtjx^ifig cojumn^ and prevent^ 
it^ arriving ^t tbp height ifs motion woyld have 
prffcd it tpi |)f5fMii?^ which, the refiftancc of 
th^ air, laqd other caui/es^ join ia increafing the 
^m^ efFe^, We. m»ft pot therefore e^pedt in 
tbcfe more thap ip ojber engiinic^, that the per- 

C 3 formancc 
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formancci^tol ^qual the theoi]^ yet, it is not dif- 
ficult to make the proper allowances, fo as to 
find their real efFcfts by calculation; butourpur- 
pofe, being general, does not extend to the va* 
riety of particulars which offer themfelves« 



.CHAP. ly. 

OF THE RESISTANCE WHICH FLUIDS MAKE TO 

BODIES MOVING IN THEM. 

E When a body is immerfed in a inafs or quantity 
of fluid matter, and is in motion, it muft fepa-' 
rate the parts of the fluid from each other as it 
moves. If the parts of the fluid be without co- 
hefion itf tenacity, this feparation will be attended 
with nlnf&rulty; but if the tenacity be confi- 
derable>- it will require a confiderablc force to 
overcon^ it. A part of the motion mufnpcre-r 
fore fl|^ in producing this effe^. And, in 
the fame fluid, the more parts aij|||^vided in a 
given time, the greater quantity of j. the motion 
muft be loft or employed for that purpdfe. But a 
body, moving through an uniform fluid, divides 
a greater or lefs number of its parts, in proportion 
as the velocity of its motion is greater or lefi. 

F Gonfequently, the refiftance whicH an uniform fluid 
makes, by reafon of its tenacity, to a body im» 
mjcrfed and moving in it, is in proportion to the 
velocity of the moving body. 

But 
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^ But: there is another refiftance bf gi<eater eonfe- o 

tquence, which fluids make to bodies iiximerfed and 
moving in them, and arifes from the inertia of their 
parts. For 4f a body be moved in a fluid, it muftf 
give motion to a certain quantity of that fluid,' 
and the readion of that quantity will deftroy part 
of the motioti Jjkdie body. Now a body moving 
through an unifdH^ fluid, gives motion to a greater 
or left flumber of its parts, ii^ proportion to die 
velocity of its motkni, and is therefore refilled in; 
the fimple proportfcn of the velocity on that ac»- 
. count* Again, a boiy moving through an uhi* 
form fluid, commtini^es a greater or lefs quan- 
tity of motion to eacljiof its parts, in proportion to 
the velocity of its motion, and is therefore reflftcd ' 

! in the fimple proportion of the velocity on that ac-^ 

count. On both accounts, then, the refiftancc a 
which arifes from the inertia of the fluid, is in the 
duplicate proportion of the vclod^of the moving* 
body* 



t 
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V^tn the fame body isl^alftB of, die refiflance i 
i fttafdation follow the ftr^f^atio ; but, in dif- ' 
fcrent bodies, they differ in the fame manner i^ "^ 



motion aod velocity. kcfi{hncft|^nifici the quarP^ 
ifll tity of motion, and retardation fw quantity of ve- 
locity which is deftroyed: for example, if a body > ^ 
be projeded With a given velocity ift a fluid, ^nd* 
lofe half its motion by the refiftancc in a given ^ 
time, its retardatiop will be half its velocity : but \ **• 
if another body of the fame bulk, but twice the* 
weight or mafs of matter, be projected with a 
i C 4 lil^9 
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like yeloqqr in |bie .(ame fluid, it will jbe cfually 
I (^filled ; bift, (laying twice the quantity of imnon$ 
will ,oaly bfe one-fourth rf its velocity in the fanoe 
tinv?. Thus, thpugb the refiftano^s i(>e equal, th^ 
retardation ip the li^tter iqftanpe \$ opjy h^tf' the 
qqantity of that in thfi former. 
K In flui^ :l|hat are npt .glutiqflM| the iff fifttnce 
aririi^ froii> ,their tenacity is incdHd^r^blej eipeci^ 
ally in fwift iDouons in which c^fe, the reliftance 
frpip die inertia increafing as xi^^ fquarcp of the ve- 
locities, while that irom the t)ei]^ity increafirs only 
a^ the velocities thcmfelyes, ,.thr proportion of the 
la^er to the former becpnafrs fo fmall that it may 
l^ negki^d. It is uil^al t]ierefore, to negledb, 
%]^ refifencc which arifp? frpi© die ^nacityof 

flwc)s# 
1, Jfl lilf? circumftafices, the ^ef|ftai)ces of fluids 
a^e ^ th^e^r dpnfities. For thp qn^tity of matter 
to bi? iffoyeij is || that proportion* 
M If a cylinder 't)c moved through an uniform /lui4 
in the di^Aion of jgutxis,. it will fuflfer a.ri^fi^nce 
equ^l to that of a fltrcb wbofc diameter and f^elo-,. 
Jy cigf of mption iq thManae flui4 are equal to thofe of 
; ^ cylinder. For proof of which, fuppofc the 

cyliodpr to be cjuM||cnt ih thjc middle of a prifmical llf^i 
jcanal , qf tubp, Jts . axis coinciding witji that of the 
tubp. J^f tWs tube tie fiUjed with the fluid, and 
cpngcive thp /luid to 1:^ moye4 througl^ it with a 
given velocity. Then the fluid will pafe between 
thfi fides of the tube' and t{ae pylinder, and its mo- 
tion wiJl be impedcc}. by i^ being reduce^ to pais 
* ^ ^ thrqugh 
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.tilbr^ugh 9 narrower fpace. If the (phere be {ubfti* 
tilted in the place of the cylinder, the fpace dbrough 
^hich the fluid is reduced to pais will be precifely 
f^ iame, and con&quendy its motion will be 
equally impeded. And>. becaufe; a(5Uoo and re^ 
a&ion arc ^^> the cylinder and fphere in thcfc 
circunoi^aBccs wift^ equally afted upon by the 
Quid. Now, kt'tlie f}uid be fuppofcd quiefcent, 
and th^ cylinder or fphere moved with the^fame 
ydocixy, and in the contrary diredion to-wt in 
Wibich the fluid was before moved; and the.relativc 
motions pf the fluid Knd immerfcd body will be the . 
&tt\e as (before. CpnP|uendy, the cylinder and 
^herie> if moved with equal velocities through a 
prifiiiical veflel containing a fluid, will be equally 
gftcd upoo in the contrary diredtioq to their mo- 
jtions; , that is, they will b(; equally refifted. And, 
fipce dus equality of refiflajice does not at all de- 
pend on the magnitude of the prifmical vcflel, the ^ 

■ doftrine may be applied to bodies moving in an; in- 
definitely extended fluid, or fyjfi$ contained in an 
indefinitely large prifmical vtffeET It may, there- 
fore, be ^plied to ajl bodies in motion which arc 

* 4eeply.imi;Wff«^d in any fluid. 

H^nce it ajipears, that in order to maintain the n 
uniform riHJti^ of a bq^^y in a fluid, a cpnftant 
a^cefljoa pf force is required ^o overcome thf rcfifl:- 
^cei bujt ^ ip.genicral, there is no fuch acceflion 
in the motions which are performed abo^t us^^ they 
pjl ^pfi^y bydcgrep^, and, ?t length tcrmiq^te. 

. ■' f - • . It. 



a6 RBSISTANC^ ^F FLVTDS. 

It likcwfe appears, that when, a body moves in 
^ any fluid, and is aftcd upon by any conftant forc^ 
it can obtain but a certain degree of velocity. For, 
as the refiftance increafes with the velocity, but in 
a higher proportion, namely, as the (quares, (23, h) 
it is plain that the refiftance at a certain period of m 
the acceleration will become equal to the conftandy ^ 
afting force J after which the body will proceed 
unifo*|ly, and the conftantly afting force will be 
cmpl^ed in overcoming the refiftance. On this 
account it is, that bodies that fink in water, or 

•T other fluids, by the force of gravity, foon acquire 
their utmoft velocity, and afterwards proceed uni- 
formly. And, in like manner, a Ihip, when it firft: 
gets under way, proceeds with an accelerated velo- 
city, rill the refiftance of the water b&omes'in 
equilibrio with the aftion of the wind on its fails, 
but afterwards proceeds uniformly, the force pf the 
wind being entirely employed in overcoming that 
refiftance. 

P In mathematical ftridnefs it is not true, that a 
body in thefe circumftances ever arrives at uniform 
mity of motion; for the approach of the refiftr- 
ancc to an equality with the impelling force is 
reprefented by a converging feries, the number of 
whofe terms is infinite, and their fum in any finite 
time is lefs than the impelling force: but the latter 
terms foon become too fmall to be of any phyfical 
confequence. 

Q^ What is here faid of refiftance is to be under-- 
flood of bodies deeply immerfed in fluids, the 

parts 
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RESISTANCE OF FLUIDS. ^^ ^7 

parts of which are comprefled togethery 1H non« m 
elaftic or incapable of condcnfadon. Fri£bi<>n is 
likewife negleded. Bodies moving at or near 
the furfaces of fluids, more efpecially if they be ob- 
tuie, caufe the fluid to rife into a heap before the 
body, at the fame time that it fubfides at the hinder 
part. And fo likewife, obtufe bod^, moving in 
elaftic fluids, condenfe that part ot the fluid to- 
wards which they are moving, while the part from 
which they recede is rarefied. In thefe cales the % 

refiftances are greater than would be deduced by the 
principles here treated of*. 

• Principuu II. § 8. 
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SECT. IV. 



Of the Air or Atmofpherc 

\ 

C H A P. I. 

OF THE GENS&Al, PROPERTIES OF THE AIR^ THE 
DIMENSIONS OF THE ATMOSPHERE, AND THE 
MEASUREMENT OF THE HEIGHTS OF MOUN- 
TAINS BY MEANS OF THE BAROMETER. 

jt Continual experience fhews, that we are im« 
merfed in a fluid which agitates bodies when it 
is in motion; refifts the motions made in it; iiif- 
tains bodies floating in it; and, in fliort, differs 
very little in its general properties from the grof- 
fcr fluids, gl^cat rarity, elafticity, and tranfparency, 
^' being its diftinguifliing charaders. 

s The whole mafs of this fluid, with its contents, 
is called the atmofphere; a term made ufe of when 
the effe£b that^rife from its form, magnituc^ 
denfity, &c. are confidered; but when the Rmf 
of which the mafs is compofcd is indeflnitely fpoken 
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COMPRESSIOK OF Alft. %0 

• oC >vith a view to/devdope its qualities^ and Con^ 
fidcr it independent of the bodies itnmerfed in^ or 
inixe(|%ich it^ it is called the -air^ or air. 






A^]k a fluids whofe particles ai^e not in con-^ t 
taftjjlnd repel each other with a force that may 
be I diminifhed^ but cannot be deftroy^d by any 
degree" of cold known in the vicinity of the earttl^ 
4pbr, if the particles were in contaift the l^utd co^ 
J not be coitiprefled, and if they did not repel efk 
fljf other^ the fluid could not expand when the confi^ 
prefling force is removed. This property of the u 
" atr may be (hewn by various methods : one of the 
fimpleil is, to pour a quantity of qufckfilytr in 
the tube ABC (fig. 1 24), cloKed at a> ^^ open at 
G« Suppoie the Cube to be filled witvquickfiiver 
to *£, then the aif indofed in the leg a b will pre^^ 
vent its rifing higher than d. Mark f in the (ame . 
iiorizontal line with d, and (6, t) the column d b 
will be in equilibrio with fb; coniequently^||e 
quickfihrer contained between f and d wiU no^Si 
all pre& on the air between a and D. But the 
column EP adting with its whole weight on the 
quickfilver between f and d caufes it to prefs on 
the air at d, and condenfe it. By increafing the 
< «. quantity of quickfilver the condenfation is in-- 
f ^ .irreafed, atid it is found, that the fpaces into which v 
die air Is condenfed by different weights are in- 
ver^|k as thofe weights; or its denfity is as the 
preffiire it bctars. 
[ «Onc of the firft objefts of enquiry th^c offer w 
' oliimielves refpedting the atmoiphere is its . extent 
i • or 



SPECIFIC GRAVITY OP . AIR. 

or fnagmtudc Experience aflures us, that it b 
extended over the whole furface of the earth and 
lea; and it is evident, from the fufpenlipdi and 
motion of the clouds, that its aldtude is ^tafi^ 
derable ; but the meafure of this altitude nraOt be 
obtained from its effects. Thus, if the fpecific 
gravity of the air be found, and alio itT^whole 
preffure on bodies, it will be eafy to difcover tH^ 
4pndty of the fluid, and its height, if {uppokdfif 
be uniformly denfe. Another method of difcover* W 
ing the height of the atmoiphere is deduced from 
optical confiderations, by obferving the cStdt it has 
on the light of the Sun. 

To find, the fpecific gravity of the air, let a b 
(fig. ia5)#cprefent a botde, whofe contents arc 
cxaftly known; for example, fuppofe it capable 
of holding two pounds of rain- water; let a. valve, 
opening outwards, be fitted at a, and the air be 
^l^ufted from within by means of the air-pump^ 
Mtafter to be defcribed ; let the veffel thus ex-- 
haufted be weighed in water, or any other derife 
fluid, in the vefiel m n, as reprefented in the figure, 
after which let the air be admitted. An additional 
weight of about 14^ grains will be required to 
reftore the equilibrium : therefore, the air containei 
in the veilel a b weighs 1 4^: grains, the proportiol 
of which to two pounds is i to 800, or 7 to 

lOOQ. J^ 

In this experiment the veflel b is immerfed 
in water, that the fulcrum of the fcalcs bemg lefe 
loaded, may turn with lefs friflioq, and confe- 
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queotly be more fenfible. It is aaended, however^ 
with fome diificuldes ; the chief of which confiik 
in the attraction or ritrpuIQon exerted at the fur&ce 
of the water, and this is coofiderable enough to 
induce foAe phllofophers to weigh the bott}e -withr 
out ipjmerling it^ 

The fpccific fl||yity of air^ being thiis difcoveredj z 
its prcffure maybe found by the Torricellian expe<- 
riment» io calle4 from its investor Torricellius. 
Let AB (fig: 126) reprcfent a glafs tube of the 
length of 35 inche? or upwards, clofed at the end . 
Ai and open at b,^11 the fame with quickfilver, 
and dole the orifice at b with the finger, or bthpr-^ 
wife : inimerfe the end b in the veflcl 6f quickfilver 
fj), and remove the finger from the orifice j the 
quickfilver will then fubfide to n in the tube at the 
height of about 30 inches. 

This phenomenon is readily explained on the a 
common principles gf hydroftatics : for which pur* 

$|K)fe it mull be remembered, that the preffure a 
Wdy, itnmerfed in the veffel c D, would fuftain, is 
not only that which arifes from the weight of the 
quickfilver, but likewife from that of a column of 
the atmQlphcre, incumbent on its furfece; fo that 

* ,$very colutnn of the quickfilver prefles with a force ' 
that exceeds its own weigh t. When the tube is in-, 
verted info thp Vcflel of quickfilver, the furface of 
the ftolumn it. contains being defended from the 
pre^urc of the atmofphere, by the clofure at a, can^ 
prcfs downwards with no more than its own weight ; 
ind wiU> therefore^ be in equilibrio with the preflure 

tlic 
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the, qtrickfilvcr in the veflcl exerts aga'mft its de- 
fccnt^ then only, when it is lb moch longer, that 
the additional quickfilver may be equal to the 
additional weight whieh a fimilar column iit the 
veflel receives from the preffure of the atmofphere ; 

B that is to fay, the, preflure of the atmofphere ort any 
given furface is equal to the wei^||p of a column of 
mercury, whofe bafe is the given furface, and height ^ 
equal to that at which it (lands in the Torricellian Pf 
tube ; and this preffurc is the weight of a column 
of air, whofe bafe is the given lurface, and height 
equal to that of the atmolj^hire. Or, generally, 
becaufe the bafes may be fuppofed not to vary, the 
preflfiire of the atmofphere, is as the height of the 
mercury in the tube. . 

An inftrument confiding of a Torricellian tube; 
with a fcale adapted for meafuring the heights of 
the mercury, is called a Barometer. 

c It has been ftiewn, that when tfie mt is con^ 
denfcd, its denfity is in proportion to the weight thjiiJ" 

. compreflcs it (29, u). By means of the Tbrrieflk 
Jian tube it may be obferved, that the ferae pro-^ 
portion obtains when it is rarefied by- tafcir^ dff 
part of the weight of the fuperincumbent atmo* 
fphere. For, in any elaftic fluid at refti the faring 
mud equal the comprelfing force (i. as, r)*; and 
if any part of that force be taken awayr it tnuft 
expand till the fpring becomes equal to the re-* 

^mainder ; which will happen if the elafticitf of the 
fluid be weakened by ecvpanfiom And fince the 
prefl[ures of fluidi^ are as their height^ (3^ n) 

6 the 
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the pfcffure of the mcrcijiy in the tube ab (fig. 126) 
will be equal to that m the tube a b^ when the mer- 
cury -refts at n in the fame horizontal line with h. 
Now^ if a bubble or fmall quantity of air be adinit- 
ted into the tube a b, it will deprfcfs the mercury 
below the mark n, till its fpring, and the weight of 
the niercury reqgttining in the tube> be in cquilibrio 
with the preffure of the atmofphcre; that is> if the 
mercury be dcpreffcd to m, that part of the weight 
of the atmofphere which corrclponds with the 
quantity of mercury m b, will be fuftaincd by the 
Weight of the mercyry^: and the remainder, m n will 
be fuftaincd by the fpring of the included air. The 
included air then, being preffcd by a weight left 
than that of the whole atmofphere, becomes rare- 
fied or expanded. By varioufly inclining the tube, 
or by immerfing its lower end to greater depths 
in the bafon, the included air may be ijiade to bear 
more or Icfs of the weight of the atmofphere, as 
may be; gathered by meafuring the perpendicular 
akitude of m above the furface of the.quickfilver 
contained in the. veffel c d, and fubtradting it from 
the altitude b n, which corrcfponds with the weight 
of the whole atmofphere, and its contradion or 
dilatation obfervcd: whence it appears, that the 
denfity of air, though gready rarefied, is propor- 
tional to the compreffing force. 

If two columns of uniform fluids, whole ipe- p 
cific gravities differ, be equal in weight, and ftand 
on equal bafcs, their heights will be reciprocally as 
their fpecific graviucs (4, l, m. 6, t). The fpccific 

Vol*. II. . P gravities 
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gravities of qwckfilver and air art l^eftWtly 

As the ipedfic gravity of 
air, r - - - 
Is to the fpccific of mer- 
cury, - - • - 14019 
So is the height of die 

cpkiBUi of mercury, - 30 inchcs> 

To the height of an equd 
tolumn of air - - 33^4S^> ^^ Si EngJi* 
miks. 

This would be the height of the atmofpbere, if 
it were urafoitnly of the fame denGty ; but as that 
is not the cafe, oa account of the elafikity whi^h 
caufes the upper parts to expand in proportion 
as the weight of the (iaperincumbent parts beconies 
iefs, the ahitude muft be much greater. 

The denfity of the air in that part df f^e atmo- 
rphere in which we live being fliewn to be as die 
weight diat cpmpre&s it, it is plain, if the confti^ 
tution of the air in the iuperior regions be of the 
fame kind, that its denfity at any altitude will be as 
the weight or quantity of the fupcrincumbent air. 
Suppofe Am (fig. 127) to be a cohimn of the 
atmofphcre, and imagine the fame to be conti^^ 
Tiucd at pleafure beyond m, ib as to reach its utmoft 
limits. Let this column be divided into an inde*- 
finitely great number of equal parts, a b, be, c d, 
&c. and the quantity of air contained in any one 
of thofe parts, or its denfity, will be in proportion 
to the quandty of air which is fupcrincumbent on 

that 
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that Jfairt Now, the difiercncc between the quan- 
tities of air incumbent on any two contiguous pafts 
is the quantity contained in the ijppermoft of diofe 
parts) that is> for example, the quantity fuperin- 
cumbent pn d is lefe than that which is incumbent 
on c by ^c difference or part Cd: therefore the- 
quantities contained in the equal parts or divifions 
are the differences between the incumbent mafles qf 
air taken in a regular fucceflionj and thefe qutn* 
tides or differences have been fhewn to be in pro- 
portioji to the incumbent mafle$* *Now, it is 
demonftrable, that if any fucceflion or feries of 
xbagnkudes do increafe or decreafc in'fuch a man- 
lier, that the differences ihail be m proportion to 
the magnitudes themfelves, then thofe magnitudes, 
and cohfequendy their differences, fhall be in a 
continued geometrical progreflion: whence it fbi- o 
lows, thac the denfjties or quantities of air contained 
in the equal divifions or parts a b, b c, c d, &c. muft 
decreafe m a continued geometrical progreflion. 

On thefe confiderations is founded the barome- h 
trical method of meafuring the elevations of moun- 
tains, or other emkentes* The principles made 
ufe of may be explained as follows: 

If a barometer were carried upwards with an i 
uniform motion through the column of air a m, 

* Let a, h, f , Ji Sec. bfe magnitudes, whofe differences arc 
ts the magnitudes themfelves. 

That is a-^B : i:: ^ — c : c: : c— v/: a, &c. 

-Then acri.h b, h dznc c. Sec. 

And \ai kiciil, &c. 

i^ » (fig. 
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(fig. 117) its elevation above the fur&ce of the- 
Earth would increafe by the continual addition of 
the equal fpaces a bj be, c d> &c. ib as to be iiic- 
ccflivcly rcprefentcd by the natural feries of the num- 
bers I, a> 3, Sec. but the mercury in Ac tube 
would continually defcend fo as to pa6 through 
heights that would be proportional to the prefltires 
or dcnfities of the air (52, b, c) at a> b, c, d, &c. 
K that is to fay, while the elevations above the for- 
face of the earth incrcafe arithmetically the heights 
of the mercury in the tube will dccreafe in a C(mi- 
tinual geometrical feries (35, c). 
L Now, it is well known, that if a condmied 
geometrical feries, beginning with unity, be rahg^ 
in order, with an arithmetical feries, beginning 
with o, or a cypher, the numbers of the latter feries 
will be the logarithms of the correfpondeiit num-r 
bers of the other. Such are the numbers before 
us; for the greateft denfity of the air, or greateft 
height of the mercury, may be called unity,* and 
anfwers to an elevation of o, or nothing above 
M the Earth's . furface. The elevations above the 
Earth's furface will therefore be the logarithms of 
the heights of the mercury in the barometer. 
N If therefore we were provided with a table of 
logarithms, or an arithmetical feries of known 
unities or mcafurcs, adapted to that geometrical - 
feries which expreffes the gradual defcent of the 
mercury, while it is carried with an uniform, mor 
tion upwards, the differences of the logarithms of 
any two given heights of the mercury would in 

^ faa 
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fafi be the difference of the elevations above the 
Earth's fulfice, or it would be the perpendicular 
fpace through which the barometer had been car- 
ried, in order to produce that defcent of the mer- 
cury. ^ 

But as there is no fuch table in being, it would o 
become neceflary. to compute diredlly from the pro- 
perties of the geometrical feries, if there were^not a 
method of applying the common tables of loga- 
rithms to this purpofe. It is a property of all loga- 
rithms, that if the differaice between the logarithms 
of two numbers be taken in one fet of logarithms^ 
and the difference between die logarithms of the 
fame two numbers be uken in logarithms of 
another form, the proportion between thcfe two 
differences will be conftant for all pairs of num- 
bers fo talien*. From hence ifv the difference of 
two elevations be experimentally found, and the 
rcfpeftivc heights of the mercury obfervcd at each, 
it will not be difficult to deduce any other difference 
of elevatiouv from obfervatioos of the heights of the 
. mercury at each. 

* In the following feries, 

o* 3* 6. 9* 12. 15. logar* 
o» 2. 4* 6. 8. 10, logar* 
I, n, n* n' n* n' numbers. ' 

it is obvious, that the logarithm of any number in one feries 
has a Conftant ratio to the logarithm of the fame number in 
the other feries. And the diiFerences between the logarithms 
of two given numbers in the two feries of logarithms will have 
the fame conftant ratio, as being the logarithms of one and 
(he &me Bumber* namely, the quotient of thofe two ntfmbeirs. 

P 3 Ail 
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p An example ^yill rcndtr this cli^ar. Suppofe th« 
height of the mercuiy in a barocnct€lr be 29.565 
inches, and the height of the oicreury in aao^^ 
barometer, placed at an elevation of 7 10 feet above 
the former be 28.770 inches, it is required to find 
the difference of elevation of two barometers, whofe 
inercurial columns Hand Mpc&\yt\y at 28.9 iaches, 
and 27.5 inches, 
Q^ If the altitude of the mercurial colunin, jo 
inches, be taken as unity, or the firft term of the 
geometrical feries, the two firft altitudes wili be- 
come fraftions ^44-* and *i-fj^ of that imity, the 
• numbe;- 710 being the difierenf:c of the loga- 
rithms, or correfpondent terms of the arithmetiqd 
feries of elevation, taken in feet. Take now the 
difference o( the common logarithms of thofc fr-ac- 
tions, 4or, which is the fame, the difference of the- 
k^rithms of their numerators, thus : 

29*565 its logarithm, - - 1.4707779 
* a8,770 its logarithm, - - 1.4589399 
-^ Difference, .on8j9o 

R And this difference .01 18380 will bear the feme • 
proportion to the difference of elevation 710, as 
the difference of the common logarithms of any 
•other two altitudes of the tmercury will be to the 
difference of elevation between them (37, o): fo 
that with refpeft to the thing required. 

From the logarithm of 28.9 - j ,460897 8 
Take the logarithm of 27.5 - 1.4393:327 

The difference is - .021 565 1' 
And as .0x18380 : 710 : : .0215651 : 1294 feet. 

As 
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As the two firft terms ire of* conftant ufe in a 
thcfe coiBpiitations, it wftt be advantageous to 
redUee them to the fimpfeft e5{pre{fion: thiw, '^ 
;oi i8 j8o : 7 fo : : 1 : 60000 nearly; {o that, inftead 
€>f werkmg the proportion with the two firft terms, 
k will be fufficienit to multipty the diJirrence of 
the logarithms by 6oooOj and the produ6): witt gnec 
the elevatkui m feet of one barometer above dit 
odier. 

Btit to multipfy this difitrence by 60000 is th« t 
feme as to multiply it by loooo, and by 6. The 
snuhiplic^di^ii by loooo is effected by moving the 
disciflEial point four places £irther to the right: 
whence it is feen>. that the decimal point being 
removed four places to the right, converts the 
difftrence of the logarithms^ into a number that 
requires to be multiplied by 6 to. reduce it into, 
fcec The number ififelf is therefore thi height in u 
&thoms and decimal parts : 

Confequendy, the ftiorteft general nile for v 
meafering heights by the barometer is, take the 
difiference of the logarithms of the heights of the 
mercury at both ftations, and the four firft figures 
following the decimal point will be the fathonjs, 
and the reft a fraction of a fathom; expreffuig the 
devation. 

\t is evident, however, that this rule fiip^fes w 
dui ipedfic gravity of the mercury to remain unal- 
tered, becaufe its height could not otherwife be a 
fetded meafure bf the denfities of the air that fuf- ^ 
lains kf It is Ukewife implied, that the 4enfity of 
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the air is {ubjc6l to no other change than may arife 
from its diminiihed comprcflion in afcending to* 
wards the upper r^ons of die air : but neither of 
thefe polidons can be admitted in the adual prac- 

X dee. For all ix)dies expand and occupy larger 
fpaces when their temperature is increafed. The 
mercury in the barometer, when heated, will be 
ipecifically lighter, and will confequendy afcend 
from that caufe, even though the prcffure of the 
air fhould remam unchanged: and the air> when 
expanded by die &mc agent> will not diminifli its 
preflure after the ufual ratio in afcending: or, if 
the fame geometrical feries be fuppofed to be re- 

' tained, the unity of its logarithms will be greater 
than before, and the general rule, (3^, v) inftead 
of giving fathoms, will give a number of fome 
larger meaiure. Thus, we fee, that the rule can 
be true only with reipeft to air of a given tem- 
perature, and that in all other cafes it will require 
to be corrcfted, 

Y By a very valuable fct of experiments it is found, 
that the mercury in a barometer, changes its alti- 
tude by heat, according to the following tablt: 

R If the mercury in the barometer fland at 30 
inches when the temperature is 32^5 its changes 
will be for every degree, 

between between between between 
o and 32^ 32° and 52^ 62 and 72 72 and 92 

falls 0,0034 inch. rif, 0.0033 rif. c.0032 rif. 0.0031 

A In order therefore that we may know the efFeft of 
the air's preffure on the barometer, it is required, 
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that Its height fliould be corrected by the addition 
or fubtraftion of thcfe quantities, according to the 
number of degrees of temperature above or below 
qqP, and in proportion to its height. 

It is alfo pretty well eftablilhed from barometri- b 
cai obfervations, and from experiments made with , 
air of various denfities, that its expanfions by heat 
irre af in the following table. The height of the 
mercury is taken to be the mean between the heights 
at the extremities of the column of air, and the 
column entided corredion (hews the expanfion or 
diminution of the column of air in thoufandth parts c 
of the elevation given by the general rule (39, v)* 

Mean height of barometer 30 inches. 

Mean 

Temperature Correilion, . Difference for 
of the air. I inch barom. 

92° 1 1 156.381 6.0925 

82 1% 131.188 5.HI 
I 72 fi.2 105.047 4-0925 

6a 5 78.427 3-0555 
5* 5''335 a.oooo 
42 25.193 0.9816 

i, . 3* I o- o* 

22 w 24.242 0.4722 

12 47-53^ 0.9259 . 

The philofopher who undertakes to meaiurt d 

heights barometrically fhould be provided with two 

* 

portable barometers, of the beft conftruftion, on 
which he may read off the height of the mercurial 
columns to the 500th part of an inchi each baro<* 

meter 
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meter mulf be fitted up with an attached thermo* 
meter, fet in the woodeil frame in rfie fame manner 
^ the barometer- tube is. It is 'convenient that the 
ball of each thermometer be nearly of the famo 
diameter as the barometer-tube: he fliouU alfb be 
provided with two other thermometers, detached 
from the barometers. One barometer with its 
-attached and detached thermometers is to be placed 
- in the fhade, on the eminence, whoffe height is re- 
quired, while the other remains in the plain below. 
Thcfe ipuft be. fuffered to continue in their places at 
leaft a fufEcient time for the detached thermometer 
to acquire the temperature of the air, that is to fay, 
till it ccafes^ either to rife or falU The obferver on 
the eminence .muft then make an obfervation of the 
height of the mercurial column, and alfo of the tem- 
peraturc5» exhibited by the attached and detached 
thermometers at the fame time that the obferver in 
tlie plain performs the like with the inftruments 
belod^. It will tend much to diminifh the errors, if 
three or more fets of obfcrvations be taken at each 
flation after fhort i/iterv^ls of time, and the mean 
of the whole be made ufe of as the tru^ obferva- 
tion. 
jE The nearer thefe direftlons are adherecj to the 
more accurate will be the refult; but ^hey will 
adn>k of coB&krable de virions in th/e pFa&ice. 
In cafes where better inftruments canniOt be hacU 
any well made portable baiometer, graiduated fo ^ 
to ibew the true fell of the mercury, may #br4 
obfervations by no. vti^m% to ^ de^ifed. For a 
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fmall error in the pofition of the zero, or lower 
point, from which dicfcale of inches begins, pro^ 
vided the point be fixed, will not fenfibly affbft the 
rcfult; and the attached thermometer may be dif- 
penfed with, if an hour or more be allowed for the 
mercury in the barometer to acquire the tempera- 
ture of the forrounding air, which is fliewn by the 
detached thermometer. A finglc barometer may 
fupply the place of tw«o, if the obfervations can, 
within any moderate ipace of time, be made firft 
in the phin, then on the mountain, and again re- 
peated' on the plain : becaufe it may reafonably be 
prefumed, that if the two fets of obfervations on the 
plain agnee together, the common denfity of the air 
below has not changed during the operation. The 
obfervations being made, the height may be de- 
duced ^cc^rding to the following fummary of the 
contents of the preceding pages : 

Firft. Reduce the height of the mercury in each p 
barometer to the height it would have ftood at in 
die temperature of 32^. This is done by adding 
uo the height, or fubtrafting from it the quantity 
indicated in the table (40, z, a) for that pur- 
pofe, according to the number of degrees the 
attached thermometer ftands below or above 32^, 
and the obferved height in the tube. 

Secondly. TaJce the difierence of the logarithms o 
•f the reduced heights of the mercury in each baro- 
meter; (^ this difference, the four firft figures on 
the left will be the logarithnMC elevation in fathoms, 
the remaining figures being a decimal. This will 

be 
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be the true elevation^ if the mean between the tern* 
p^ratures indicated by the detached thermometer 
be 32^. 
H Thirdly. But if the mean temperature of the 
column of air, as indicated by the detached ther- 
mometers, be above or below 32^; find the mean^ 
between the two altitudes of the mercury jj extraft * 
from the table (41^ c) the two numbers in the 
column of differences that range oppofite the two 
temperatures, between which the mean temperature 
of the column of air lies; muldply each by the 
number of inches (and parts, if the elevation be 
great) which the mean altitude of the mercury 
differs from 30 inches. Subtraft thefe produfks 
from the refpe^live oppofite numbers in the column 
of correftions, if the mean altitude of the mercury 
be lefs than 30 ihches, but add, if it be greater. 
Find the difference between thefe two remainders 
or fums, and multiply it by the number of degrees 
by which the mean temperature exceeds the lower 
of the two adjacent temperatures in the table. 
Divide this produft by 1 o, and add the quotient to 
' the Icaft of the two remainders or fums, laft men- 
tioned The fum will be the true correftion in 
thoulanddi parts of the logarithmic elevation. Re- 
duce it into fathoms, by multiplyuig it into the 
logarithmic elevation, and dividing by 1 000. This 
quotient being added to the logarithmic elevation, 
if the mean temperature exceeds 32*^, or iubtradcd, 
if it fall ftiort of 32°, will give the true elevation 
or perpendicular diftance between the two barQ* 
meters. 

Example. 
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Example. Suppofc ^ the following obfcrvations ' 
to be made^ it k required to find the elevation^ or 
vertical diftance between the barometers. 

Lower ftation. ^ Upper llation. 

Caernarvon quay. Peak of Snowdon. 

Height of Mercury, 29.976 in. 26.289 inches* 
Attached thermometer, 62^^ -464-^ 
.Detached thermometer, 62 - 46 

^hc computation. By the table (40, z) the Kr 
pcduftion for the lower barometer comes oGto.i, 
which, fubtrafted from 29.976, gives 29.876. By 
the fame table, the reduction for 46^^, with a co- 
kimn of 26 inches, comes out .^42, which, fub* 
tmfted from 26.282, leaves 26.240 inches. Now, 
the logarithms of the reduced altitudes, 29.876, and* . 
26.240, are 1.4753225, and 1.4 18 963 8, the dific- 
rencc of which is .0563587, or (43, c) 563.587 
fathbms. 

Irhe mean temperature between 62^ and 46** is u 
54^, and confequently the logarithmic refult will 
require corrcftions by the fccond table. The mean 
between the two barometrical heights is 28 inches, 
or '2 inches below 30. The two numbers in the 
column of difference oppolite the temperatures 52® 
and 6 2^ arc 2.0000, and 3 05555 thefe, multiplied 
by the number of inches, or 2, give 4.0000 and 
6.1 Hi the nutpber 4,0000, fubtrafted frohi its 
oppofite in the column of correftion, 51.335, leaves 
47.335; and the nutpber 6.1 11, fubttaded from 
78.427, leaves 72.3165 the difference between 

thelc 



Jlfi THI COAIPtfTATXOir AND AOVAHTAGJk^ 

tbdc rcmabders 47.335 ^^^ 72*3*6 ^ S4«9.Sfi 
which> middplicd by %^ the numl^r of dcgf ees b^ 
which the mean temperatuFe 54^. excceck 5a^j tho 
lower of the two adjacent temperatures in the table^ 
gives 49.962. This produ(fl^ divided by 10, ia 
4.9962s which quotient, added to 47.3;i5, the lead 
of the two remainders, makes 52.331, the true cor- 
re6lion in thoufandth parts of the logarithmic ele-' 
vation. 

M The true corredlioo 52.33 1, beiqg nwltiplied by 
the logarithmic altitude 563/ produces ^9462.3531 
this divided by 1000 a£R>rdsaquatientof 129^4623 {31 
iirinch is the true corredion io fathoms, to be added 
to the logarithmic elevation, . becailfe the memi 
temperature exceeds 32^: the funf\, namely^ 
|63-587> ^^^^ to ^^9*462353, makes 5^3.049353 
fadioms, or 355^-297 11& ittx^ for. the true ^ek^ 
vation required*. . - ^ , 

N The intelligent reader will readily perceive^ thaC 
though the decimals in this compuution are moftly 
retained, yet, it will b general be fufficicntly exaft, 
and miich lefs operofe, if only the two firft decimal 
figures of any number be retained 

o The advantages of this method, compared with 
the geometrical method of meafuring elevations are^ 

* This method* whi^H is taken from Col. Roy's excellent 
.paper in the 67th volume of (he Philofophical Tranfa^ons, 
inay be render^ more eafy in the praflice* by extending the 
table^fo as to give the corredions at fight« a^ in fome meafiirs^ 
done in the original ; but the brevity of the prefent work pre^ 
vented their being copied he^e. 

-firfti 



ftft^ the inftrumchts are twithtr very txpcnR^t nor 
toen difficult for ail ingenious pfailofophcr to make 
id an^ tomtry where he can procure qaickfilvdr 
and glafs tubes 9 but the geometrical method de^ 
mauds inftrmr»cn& of confiderubkr J)ricC| ivhich Can 
feared/ iai: all be conftru&ed by the moft ingenious 
perlbn y»ho is deftiruce of the tools^ and Unac* 
quaiftted with the artifices required to rtndcr them 
correft. - Secondly, The barometers require no 
other adjuftment than to d^ferve previoufly, whe- 
ther they J^ree^ and to allow for their difienence* 
The barometrical obfcrvations are iikewife eafiiy 
made) whereas^ on the contrary, the previous adjuft- 
ment and fubfequent ule of inflruments for mea- 
furiiig angles require a ^grec of precifion and 
ikill not ufually obtained without pra^ice. Thirdly^ 
The error of obfervatipn in the barometrical method 
for all elevations is nearly a conftant quaf)dty> never 
amounting to fo much as half a fathom for a* mif- 
take of the 500th of an inch; but any error either 
in the meafunement of lines or angles proportionally 
afFefts the refult; fo.that the greater the elevation 
required to be meafured, the larger the quantity of 
error. Fourthly, The barometrical obfcrvations re- 
quire no particular circumftances of advantage, 
either in the figure or fituation of the mountains 
required to be meafured, nothing more being re- 
quired than that both ftations be acccffiblc. Thefe 
obfcrvations, , and the computation, are perform- 
ed after the fame method in all cafes; but in 
the geometrical method, if the horizontal diftance 
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of the two ftations be confiderabic, or if there be 
not a convenient plain for meafuring a fiindamentai 
bafe> the operation becomes very complicated^ and 
the chance of error is multiplied. 
? It muft not, however, be difguifed, that the prin- 
ciples of the geoirietrical method are eftablifhed 
and fure, and that an extreme degree of exadnefs 
may be obtained in this Way by good inftruments 
in the hands of a Ikilful obfervcr. Whereas the 
modifications of the atmofphere, with refpeft to the 
effc6t which exhalations of various kinds, and the 
greater or lefs abundance of the eleftric matter, 
may have in expanding the air, without changing 
its temperature, ' are not yet fufEciendy known to 
render the correftions altogether as perfedt as might 
be wifticd. Future obfervations muft point out 
thele, and in the mean time it is to be remembered, 
that the elevations detern&incd by the barometer, 
when the extreme temperature3 of the column of 
air do not grcady differ, and when the air is cold 
and dry, are moft to be depended on*. , 

* For a more full accoant of this curious fubjedt^ confult De 
Luc's Recherches fur les Modifications de 1' Atmofphere. Sir 
Geoge Shuckburgh's valuable Obfervations made in Savoy, 
in ord^r to afcertain the height of mountains by means of the 
barometer, inferted in the Philofophical Tranfaflions, vol. 67, 
with Col. Roy's, and Mr. de Luc's papefs, in the fame vo- 
lume : alfo Damen's DifTertatio Phyiica et Mathegnatica de 
Montium Altitudine barometro mctienda; and the authors 
by bim cited. 

CHAP. 
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CHAR II. 



OF TH£ REFRACTIVfi POWER OF THE AIR; AND 

TH£ CAUSE OF TWILIGHT. 

That the celeftial fpacc or heavens is either ^ 
nearly or abfolutely vacuous, appear? from the 
finali refinance the planetary bodies fuffer in their 
motions; fuch refinance, if it obtain at all> being 
too minute to be clearly afcertained by any obierva« 
tions we are in pofieffion of. , Light therefore, 
when incident on our atmofphe^Cj pafles from a 
rarer to a denier medium, and ought, * according 
to the principles of optics, to be rcfrafted towards 
the perpendicular (i« 162, a). And this is accord** 
ingly die cafe. Let the circle abc (fig, ijo) j^ 
reprefent a fedtion of the Earth, and the external 
concentric circle the furface of the atmoiphcre; let. 
H N be the lenfible horizon of a place a, and ^ the 
Sun beneath the horizon; then a ray of light inci- 
dent on the furface of the atmofphcre at i, will, in- 
ftcad of proceeding to a, be rcfrafted towards the 
perpendicular i e, and that continually the mor^ as 
the denfity of the medium becomes greater, (:> that 
it will arrive at a after paffing through the curve 
I a; and a fpe6btor at a will behold the Sun in the 
line of the laft direftion of the ray, namely, in that 
of a s, the tangent to the curve. The apparent ele- s 
vation which a celeftial body fufFers when its rays 
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fall with the grcatcft obliquity, to wit, when it tt 
fecn in the horizon, is about thirty-three minutes 
of a degree : at other altitudes the differences be- 
tween the true and apparent places are left, the 
incidences and refraftions being lefs confiderable. 

T Hence it comes to pafs, that we fee the celeftial 
bodies for fome time after they arc fet, and before 
they rife in reality, by ^hich means wc enjoy 
about three days in the year more day-l^ght than 
otherwifc we fliould: but in the northern ports, 
where the fun rifes aad fcts more obliquely, and the 
atmofphere being condenfed by cold> refrads more 
ftrongly, the difierence is much greater. 

u The rcfraftion, as well as all the other pheno- 
mena produced by the atmofphere, arc variable, 

' as the denfity of the air changes. This variation 
renders the obfervation of low altitudes uncertain, 
as the allowance for refradion cannot be collected 
with great precifion from any tables. The trigo- 
nometrical admeafurement of the heights of lofty 
mountains is likewife rendered leis accurate from 
this caufe/ 

V A method of difcovering the height of the atmo-, 

- ^'here is deduced from obfervations of the morn- 
ing and evening twilight. Notwithftanding the 
very great tranfparency of the air, it may be ren- 
dered vifible by means of the rays of light reflcdcd 
from its parts in all diredipns. This efFed is fecn 
when the beams of the Sup are admitted into a room 
through the window-ihutter, and may frcqucndy 
be obferved wh^n the Sun ihine$ through the 
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chafms or openings in a dark cloud: from which 
cayfe it happens^ that thofe bodies which eq;)ic a- 
y^ry fmiall quantity of light are not to be difcerned 
in this ftronger light,^ In the day-time the ftais w 
are inviflble, and the fl^mc of a candle can fcarcely 
be ften in the fun-fhin?: were it not for this illu- 
luinatipn the flcy would appear black, and the (hady 
fides of objefts would be of a dark colour, nearly 
the fame as at midnight. 

The fun fliining on the globe of the earth can x 
illuminate but one 'hemifphere at once, as has 
^rcady been (hewn; but it is not fo with the atmo- 
^ere which environs the globe. Thus, the illu- 
minated part of die globe termbates at d and d, 
(fig. 128) but the atmofphere is enlightened as far 
as B and b. In confequence of this it happens, 
that thofe parts which have already entered into the 
dark hemifphere, and to which therefore the Sun is 
fct> muft ftill enjoy a degree of light that conti- 
nues as long as any of the enlightened part of the 
atmofphere remains in view. This light, which y 
gradually decays after fun-fet, or increafes before 
fun-rife, is called the twilight. Let a h c d d b 
(fig. 1 a 9) reprefent a feftion of the Earth in the 
plane of the Sun's azimuth, and let the Ipace con- 
tained between the concentric circles reprefent the 
atmofphere : then, the Sun's rays in the direftions 
SB, s b, will illuminate half the globe d c d, and the 
atmofphere will be enlightened as far as b and b on 
each fide within the dark hemifphere; which en- 
lightened part, fo long as it continues above the 
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honzon of any place, ^ili caufe a twSight at that 
place* The ray s d B is a tangent to the Earth at 
D> and meets the circumference of the atmo^herc 
at B. From b draw die line b h, a tangent to the 
Hardi at a, which continue towards n; hN wiU 
dien repi^ent the horizon, in which the extreme 
point b of the enlightened part of the atmofphere 
will be fituatSeds that is, twilight will be joft be- 
ginning or ending at the place a. The angle s b n, 
which is equal to the angle a e d, will be the angle 
of the Sun's depreilion beneath the horizon h n i 

2 and the angle a b b is the half of a b d. Hence, 
if the depreflion of the Sun beneath the horizon> 
and the femidiameter of the Earth be known, it 
will be eafy to find die height of the atmofphere. 
For, in the right angled triangle a b e. 
As the fine complement of half 

*the Sun's depreflion - - a e b 8*^ 30' 
Is to the Earth's femidiameter - a e 34.37 miles. 
So is radius - - fine 90^ 

To the hypothenufe - - - ^^347$ ^iles. 
The difference between which and the femidiameter 
of the Earth, is the line H b, or height of the 

A attffofphere, 38 geographical, or 44 Englifh miles. 
The angle of the Sun's deprefTion is known by the 
time clapftd between the beginning or end of twi- 
light, and the rifmg or fetting of the Sun; and it 
is judged to be twilight fo long as the illumination 
of the atmofphere prevents the fmaller fixed (tars 
from appearing. It is alfo obferved, that th^ even- 
ing are always longer than the mornbg twilights, 

which 
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uriiidi muft arife Srom the rare&dion 6f the air over 
' the place, after the day's fun-fhine. A fimilar 
difference is obferved between the twilights of fum-* 
mer and winter. 

This explanation is fufficient to (hew the cauie i 
«of the twilight. But in ftriA computadon the refrac- 
tion to which the light is (libjeft three times before 
it conies to the eye fhould be allowed for, and will 
ibmewhat diminilh the height deduced. 



CHAP. III. 



CONCBRNING THE CAUSES BY WHICH THE SPRING 
OF THE AIR IS ALT£RED> AND WINDS ARE PRO«-> 
DUCED. 



The expanfion of air by heat^ while the prefliire c 
remains the famCi has already been taken notice of 
(40, x). Heat therefore increafcs its fpring, as 
may be ihewn by the fbUpwing experiment: 

Let AOB (fig. 13 reprefent a hollow-glafs- t> 
ball> having a narrow bent tube a c c e a£Bxed to 
it. The lower part of the bent tube, and part of 
the ballj is filled with mercury> as in the figure; 
the furface a b within the ball being on the lame 
horizontal line with the furface at c in the tube. , 
The parts of the mercury will then be in equUibrioj 
the exterqal furface c being prefied by the weight 
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of die atmo^here, and die internal fur&ce a.b b6* 
ing prefled by the fpring g( the included air, which 
is equal to that weight. But iT the ball be immerled 
in boiling water, the increaicd ipring of the bcluded 
air preifing on the fur&ce a b> will raile the mer*- 
cury from c to c, and there fuftain it, namely, ae 
the height of 84 inches, when the mercury in the 
Torricellian tube fttods at 30 inches. And as the 
cont^ned air is not (cn(it>Iy dilated by the extrufion 
of fo fmall a quandty of mercury, die fuftentadon 
may be regarded, as the entire effeft of its ipring* 
The fpring of the included air at the heat of boiling 
water is therefore not only equal to the weight of 
the atmofphere, but likewife to an additional prefliire 
of more tl^^i A ^^ Aat weight. 
E By the fame inftrument, it is found^ that the elaf- 
ticity of the air is weakened by im^erfion in very 
cold or freezing mixtures. And coqclufions fimilar 
to thcfe may be made by various methods, which 
die attentive learner will readily difeover. 
f In the foregoing experiment the air was pre- 
vented froi^i expanding, in confequence of its in- 
Creaftd fpring, by die preffure of die mercury, bjQt 
if, inftead of putting mercury into the ball; a final! 
quantity be made 10 hang in the tube, as at c h, 
it will by its motion indicate the dilatation or con- 
c traftion of the included air. By a method fimilar 
to this it is found, that from the point o in Fahren* 
heit's thermometer to the heat of boiling water, or 
^ a I tz"^, common dry air expands fo as to occupy an 
additional fpace more than before, equal to the fi-ac- 

tion 
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tiad •4S421 ofits former bulk. But the expanfions 
of moift air arc much greater *. 

It will not be difficult from thefe experiments to H 
point out the caufes of man^ phenomena that hap- 
pen in the air. For, if any part of the air be either 
heated, or charged with vapor, it will expand, and 
in confequence of that expanfion become fpeciii* ^ 
cally lighter than before. It muft, therefore, by the 
laws of hydroftatics, afcend, and the circumambient 
air rauft prefs in on all fides to fupply its place. 
Hence the caufe of the afcent of fmoke in a chim- 
ney, -The air which paflTes through the fire, or 
comes within a certain dlftance from it, is rarefied,, 
and afcends, giving place to the cold air that 
prefiies in: this in its tura becomes rarefied, and thd 
afcending current of air continues as long as the fire 
is kept up, the wind drawing from all parts towards 
Jhe chiihney, 

If the fire were in the open air, the heated air j 
would ftill afcend in a current, and the cooler air 
prefs in on all^fides; that is to fay, a wind would 
. be generated, which would conftantly blow to- 
wards tht fire. The quantity of air rarefied bV any 
fire we can make is fo fmall, that the wind produced 
by that means is too inconfiderable to be perceived at 
any great diftance fi-om the ftre; but the rg,rcfa6tion$ 

• Mttfchenbrock*8 Coars dc Phyfique ms^y be confiilted for 
an abftradl of what has been done refpe^ing the expanfion of 
airby 4monioni, and others. Bat the mofl ^opio^^ and valil^ 
able fet of experiments are thofe of Col. Roy, ii^ the Philofq* 
phical Totnfa^ions, part 2, for the year 1^77% 
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aiifing from natural caufes are fufficicnt to produce 
all the winds that agitate die atoiofphere. 
I The fenfible horizon is not only divided into 
360 degrees^' like other great circles> but alio into 
32 equal parts, called points of the compaisj which 
are again fubdivided into halves and quarters. The 
points of the compafs have each a feparate name. 
The points of interle£tion between the meridian 
and the horizon are termed North and South; and 
two other points, at the diftance of 90"^ bom the 
North and South, arc termed Eaft and Wcfti 
thefe four are denominated cardinal points. The 
intermediate points take their names from the car- 
dinal points between which they are iituated, as in 
the figure, where the inidal letters N. S. E. W. 
(fig. 132) ftand for the words North, South, Eaft, 
Weft. 
t A wind is named fi^om the point of the compals 

from which it blows. 
M The different winds may, with refpcfl: to their 
diredion, bt reduced into three clafles, viz. gene* 
ral, periodical, and variable winds. 
N General winds blow always nearly in the (ame 
diredion. In the open feas, that is, in the Adan- 
tic and Pacific Oceans, under the equator, the wind 
is found to blow almoft conftandy from the eaft- 
ward; this wind prevails on both fides of the equa- 
tor to the latitude of a 8^. To the northward of 
the equator, the wind is between the North and 
Eaft, and the more northerly the nearer the nor- 
thern limits to the fouthward of the equator, the 
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witid is betiween th<e Soixih and Eaft, and the more 
ibutherly the oegrer the ibuthem limit. 

Between the parallels of 28^ and 40^ (buth lat o 
in tl^at trajft which extends from 30^ Weft to 100^ 
Eaft longitude from the meridian of London^ the 
wind is vanable> but by far the greater part between 
the N. W. and S. W, fo that the outward bound 
Eaft India Ihips generally . run down their eafting 
_on the parallel of ^^"^ fouth. 

Beyond the northern limit of the general wind in p 
the Atlantic Ocean, the weftcrly winds prevail, but 
not with any certainty of continuance. 

Near the weftern coaft of Africa, within the <j^ 
limits of the general wind, the winds are found to 
be deflefted towards the fhore to fuch a degree, 
that' they are found to blow from, the N. W, and 
S. W. quarters for the moft part, inftead of the 
N. E. and S« E. as is the cafe farther out at lea. 

The general winds are ufually called trade-winds. R 

In the Adandc Ocean, the S. E. trade-wrnd ex- i 
tends as far as 3^ north, and the N. E. trade- wind 
ceafes at the '5th degree N. In thfe intermediate 
fpace are found calms, with rain, and irregular un- 
certain (quails, attended with thunder and lightnings 
But this fpace is fbifted farther to the northward or 
fouthward, accordingly as the Sun's dbclinadon is 
piore northerly or foutherly. 

I^eriodic^l winds are thofe which blow in a cer- t 
tain dire£bion for a time, and at ftated feafons 
change and blow for an equal fpace of time from 
the oppofitc point of the compafs, Thefe may be 
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divided into two clafiesj viz. monlbonsy or winds 
that change annually; and land and fea-breezev 
or winds that change diurnally. 

While the Sun is to the northward of the equi- ' 
no^kialj that is to iay^ in the months of April> 
May, June, July, Auguft, and September, the 
wind Mows from the fouthward over the whole 
extent of the Indian Ocean; namely, between the 
parallels of o,i^ N. and 28^ S. latitude, and be- 
tween the eaftcm coaft of Africa and the meriidiaa 
which palSbs through the weftem part of Japan. 
In the lea between Madagafcar and New Holland, 
the S. E. wind prevails as far as the equator, where 
it is defle<5i:ed, and blows into the Arabian Gulf and 
Bay of Bengal from the S. W. Between Madagaf- 
car and the main land of Africa^ a S. S. W. wind 
obtains, and coincides wid) the S. W. winds in the 
Arabian Gulf. To the northward of New Holland, 
the S, E. wind is predominant, but varies very 
much among the iflands ; and between the pehin- 
fula of Malacca and the Ifland of Japan, a S. S. W. 
wind prevails. All this is to be underftood for 
the aforementioned months. 

But' in the other months, Oftober, November, 
December, January, February, and March, a re- 
markable alteration takes place. In the fea between 
Madagafcar and New Holland, the S. E. wind 
extends no farther to the northward than about tHc 
loth degree of fouth latitude, the other 10 degrees 
being occupied by a wind from the oppofite point 
of the compafs, or N. W. at the fame time that the 

winds 



winds in ail the northern parts of the Indian Ocean - 
fliift round, and blow dircdly contrary to die courfe 
riicy hdd in the former fix months. Thefe ^^ind^ 
are called monfbons, or (hifting trade-winds. 

Thefe changes are not fuddenly made. Somb w 
days before and after the change, there are calms, , 
Variable. winds> and dreadful florms, attended witft 
thunder, lightning, and rain. 
^ On the greater part of the coafls of lands fituated x 
between the tropics, the wind blows towards the 
fliore in the day-time, and towards the (ea in the 
night. Thefe periodical winds arc termed the land 
and fea bree2es, and are much afFedled, both in their 
^direftion and rpturq \>y iht courfes of rivers, 
tides, &c« 

Variable winds are thofe which are fulgeftcd td t 
no period, either in duration or return^ and are tob 
well known to need defcription, 

If the air were uniformly of the fame denfity at z 
the fame height, and the lighter parts always repoied 
upon the heavier, itMS evident that, the lateral pref- 
.fure being equal in every horizontal diredion, it 
would remain at reft. But if, on the contrary, any 
)pordon or part of the air were heavier than the reft, 
it would defcend, or if lighter, afcend till the equi- 
librium was irftored; fo that either ^he difplaced 
air would occafion a wind, diverging from a cen** 
tral fpace in confequcnce of the defcent Or pouring 
down pf the heavier air, or clfe the air ruftiing in, 
would occafion a wind converging to a central 

fpace to fupply the lighter afccnding ftream. It a 

■ is 
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is therefore evident^ that any agent that alters die 
denficy of a part of the air will produce a wind. 

The dcnfity of air is changed by compreflSon^ 
and by heat. Its elafticity is increafed by die 
addidon of moifturei and eleftricity may have 
likewife ibme eflfeft of the fame kind. The com^ 
preflion the sur llifiers in the natural courfe of 
cvents> is nearly uniform^ and experiments are 
wanting to decide^ whether the addition of mois- 
ture to air at any of the ufual temperatures does 
not augment its denHty as much as the increaied 
elafticity diminifhes it; neither have any methods 
been yet *dcvilcd to (hew, whether air in different 
fituations with refped to eledricity is altered in its 
dimenfions. In conlidering the caufes of winds^ the 
principal agent to be at;tendcd to muit therefore be 
heat. 

If the Earth did not revolve on its axbj it is 
plain that the Sun, being ftationary over one pard- 
cular fpot, would rarefy the air at that fpot: it 
would confequendy afcend by. the preflure of the 
circumambient, and lefs rarefied air, till it arrived 
at a region in which the air was fufficiently rare to 
fuSer it to expand on all fides: and thus there 
would be produced a converging wind near the 
furface of the Earth, and a contrary or divergent 
wind in the upper region of the air. But fince the 
Earth does revolve on its axis, and the Sun there- 
fore is not (larionary, it mufl follow, that the place 
where the air is moft rarefied will be found fuccef*- 
fively in every point of the parallel over which the 
6 Sui 
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Stin moves in the courfe of a day. And as this 
place continually moves to the weftward, the lower 
air muft as conftantly follow it. Hence we have the 
origio of the general N. E. and S. £. trade-winds^ 
which no doubt would extend over the whole of the 
fpace between the tropics, were it not for the dif-* 
ferent temperatures of the continents and iflands 
Over which the Sun pafles. For the furface of earth 
is more heated than that of the fea, by reafon that 
the tranfparency of the' water permits many of the 
rays of iight'to pais to its interior parts before they 
are ftifled and loft. The air therefore, . contiguous 
to the land, being more heated than that which refts 
upon the' fea^ will prevent the regularity of thd 
effed.^ Thus, near the weftern coafts of Africa and 
America, the winds blow from the weftward, t6 
fopply the conftant rare&ftion thoie heated lands 
produce. 

The general N. E. and S. E. trade-winds, pro- d 
ducipg in the upper region of the air winds in 
the contrary directions, feem to be the caufc of the 
Wcfterly windswhich are obferved to prevail between 
the latitudes of ct8^ and 40*^. 

In accounting for the monfbons, or periodical % 
trade-winds, it is neceffary to mark the peculiar 
tircumftances which obtain in the Indian Ocean^ 
and w.hich are not found in the Adandc or Pacific 
Oceans. They feem to be thefe. That the ocean 
is bounded to the northward by fhores, whofe lati- 
tude does not exceed the limits of the general 
trade^wind, and that, the general trade- wind falls oh 
Ice-fhorcs to 1 the weftward. 

The 
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The Sun being twice in the year vertical in the 
equator> and never departing more than 23 i-*^ 
fit>m thence, caufes the air in that dimate to be 
hotter than at any other place on the oceanj and b 
the occafion of the trade-wind, as has already beeti 
jfiiewn* Such a rarefied ipace mud extend acrols 
the Indian Ocean, and produce a S. £• wind to the 
ibuthward, and a N. £• wind to the northward o( 
the equator, over which, in the upper regions of the 
air, the winds return in the contrary direAions. 
This we accordingly fee happens in the months of 
Oftober, November, December, January, Febru- 
ary, and March. But when the Sun declines to the 
northward, and heats the lands there, the air tx>n-' 
ciguous to thofe lancls become rarefied, and the 
lower air has a tendency to move that way. This 
tendency increafes as ^ the Sun advances £irther 
North, fo that the whole body of the lower ait 
to the northward of the equator moves towards the 
northern lands, notwitbftanding the equatorial nt^ - 
feftion, which muft be fupplied by the upper or 

c i^turning current. It feems then that the body of 
the ^wer air in the. northern part of the Indian 

. Ocean is determined as to its courfe by the greater 
rarefaftion : if the rarefaction at the furface of the 
land be greater <ban that at the equator, the wind 
blows to the North, and the contrary happens when 
the equatorial rarefaftion is greateft. When the 
northerly trade- wind prevails, it blows out of the 
Arabian Gulf upon the coafts of Arabia, Aynan and 
2anguebar, and is reflcdted bto the ftraits of 

Mofambiquc. 



Mofambique. And at the other fcafon, the general 
fautherly wind fccms to be refleftcd to the weftward 
by the faoie caufe. 

Thefe, or fome fuch like, are probably the caufes h 
of the winds that prevail in>the Indian Teas. But ] 

the obiervations we are in pofieiTion of are too few 
and too inaccurate for the purpofe of forming a 
theory. 

On the fame principles it will not be difficult i 
to account for the land and fea breezes. For» be- 
caufe the land is heated Jn the day-dmej the wind 
muft blow in ihore to fupply the place of the afcend- 
i|ig rarefied air : and in the nlgtit the land coolsj 
and condenfes the air, occafioning the land breeze. 

The circumflances that produce the variable k 
winds are referable to thofe already noticed, but 
a£t fb differently in particular cafes and fitpationsi 
that it b fcarcely pra&icable to reduce tliem to any 
rule. 

When levcral winds converge fwifdy to one l 
point, the air afcends with great rapidity, and ac- 
quires a whirling motion, like that of water deicend- 
ing in a fnnneh And as the centrifugal force in 
this whirling modon of the water is often fufficient 
tQ cpuntcrpoife the lateral prefTure, and tp prevent 
its approaching the central part, it frequently hap- ' 
pens, that a perfbradon is ieen quite through the 
body of the fluid. In like manner, the centrifugal 
force of the air may become equal to the prcffurc of^ 
the atmofphere, and confequently leave a void /pace \ 

about the center of the motion. This phenomenon 

1 IS X 
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IS called a whirlwind, and Ibmcdmes produces £ital 
cflS!fts. Fo^, pardy by die expanfion of die air in- 
cluded in houies or odier buildings; and pardy by 
the violence of die afccnding current, it happens, 
diat bodies near die ceacer of die whirl are blown up 
into the vacuum, or carried aloft with great impc* 
toofity in a ipiral morion. 

M If one of thefe whirlwinds happen at fdy die 
' prefliire of the atmolphere being taken off that pai^t 
of the furfaoc over which the vacuum b formed, 
. the water, on the principle of the Torricelliah tube, 
will rife to the height of thirty-two or thirty-direc 
feet before it will be in equilibrio \^ith die external' 
preflure. The afccnding warm air being moft pro- 
bably charged widi vapours, will fuflFcr them to be 
condenfed as it arrives in a colder region, and thus 
die courfe of the current will be marked by the 
denfe and opake vapor, and by the condnual afcent 
a cloud will be formed above. Thefc arc the phe- 
nomena of water-ipouts. At firft a violent circular 
motion of the fea is obferved for the Ipace fometimes' 
of twenty feet diameter; the fea rifes afterwards 
by degrees into a tapering column of about thirty 

' . feet in height, at the fame rime that a cloud appears, 
from which a dark line or column defcends. This 
column is met by another, which afcends_ fomewhac 
like fmoke in a chimney, from the lower or folid 
part of the fpout. After this jundtton the cloud 
coifrinually increafes till the whirl ceafes^ aiKl^ the 
appearance terminates. 

CHAP. 
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C H A P. IV. 

OF SbvrCDj AVD OT MUSIC. 

I 

When obtufe bodies move in elaftic fluids,^ they n 
Condciifc that part towards which thev move at ^ 
the fame time Aat the part they recede from is 
rarefied. This condenTation or rarefadion muft 
produce an unduktory or vibrating motion in the 
fluid. Thus* if a body by percuflion or ptherwife 
be put into a tremulous motion^ every vibration 
of the body . will excite a wave in the air, which 
will prociped in all ^rcdions ib as to form a hoU 
low ifiherei and ch^ quicker the vibrations of the 
body fucceed each other, the lefs will be the diftance 
between each fudcdTive wav^. ^he feniation ex- .o 
eked in the mind by meiaxis of theie waves which 
enter die ear, and produce a like motion in a thin, 
membrane, ftretched obliquely acrois the auditory 
pal&ge, is called found. But the term is fre-- * > 
quently ufed to imply not only the feniation excited 
in the. mind, but likewife the afFedion of the air, or 
of the fonorous body by which that feniation is pro* 
duced. ThtJs, we fay, that a found is in the air, ^ 
or that a body founds ¥dien flruck, though the 
aflfeftion of die air or body is very difiefent from 
the ienfacton. ^ 

That bodies move or tremble when they produce, p 
found, requires no particular proof: it is evident in 
drums, bells, and odicr inftruments, whofe vibra- 

VouII/ F tions 
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tioDS being large and itrong, are therefore more 
perceptible : and > it is equally clear^ that a fimilar 
vibration is excited in the air. becauie this vibration 
is communicated through the air to other bodies 
that are adapted to vibrate in the fame manner; 
thus^ 'bells^ glaiTes, bafons, and mufical firings, 
will found imcrely by the a6tion propagated from 
other founding bodies. 
0^ It is eftablifhed as well by mathematical reafon- 
ing from the nature of an elaftic fliuidi whofe com-* 
prefiion is as the weight, as from experiment, that 
all founds whatever arrive at the ear in equal times 
K from founding bodies equally diflant. This com- 
mon velocity is 1142 Englilh feet in a fecond of 
lime. The knowledge of the velocity of found is 
of pfe for determining diflances of fhips, or other 
objedls: for inflance, -fiippofe a fhip fires a gun, the 
found of which is heard 5 feconds after the fiafh is 
foenj then, 1 142 multiplied by 5, gives the diflancc 
5710 feet, or 1 Englilh mile and 430 feet, 
s When the aerial waves meet with an obftacle 
which is hard, and of a regular furface, they are 
reflefted; and confequently, an ear placed in the 
courfe of thefe refleded waves will perceive a found 
fimilar to the original found, but which will fecm 
to proceed from a body fituated in like pofition and 
diflance behind the plane of reflieftioh as the real 
founding body is before it. This reflefted found is 
' "called an echo. 

T The waves of found being thus reflexible, nearly 
;hc fame in cfFefl: as the rays of light, may be 

deHeftcd 
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defle&ed or magnified by much die fdme con- 
trivances as are ufed in opdcs. From diis pro« 
peny of refleftion it happens^ that founds uttered 
in one focus of an ellipdcal cavity are heard much 
magnified in the other focus: inftances of which are 
fi>und in feveral domes and vaults^ particularly the 
whilpering gallery at St. Paul's Cathedral in Lon- 
don, where a whilpcr uttered at one fide of the dome ' 
is rcflefted to the other, and may be Very diftinftly 
heard. On this principle alfo is conftrufted the 
fpeaking trumpet, which either is or ought to be a 
hollow parabolic conoid, having a perforation at the 
vertex, to which the mouth is to be applied in 
fpeaking, or the ear in hearing. 

In addition to the advantages we enjoy from the v 
perceprion of found, when the fenfe of feeing can- 
not be employed, and in conveying our thoughts p 
each other by means of the aflbciadons formed be- 
tween words and ideas, we receive great pleafure 
from the combination of found known by the name 
of mufict 

If a body be flruck, and the vibrations excited v 
be all performed in equal times, -the undulations 
produced in the air will be fo likewife, and a fimple 
and uniformly fimilar found will be produced, ex- 
cept as to loudnels or mtenfity; for, as the vibra- 
tions grow lefs flrong, the found decays. But if the 
vibrations excited be various and diflimilar, a like 
variety of diflimilar undulations will be produced in 
the airi and the found mufl be harih, as if feveral 

F 2 founds 
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founds were heard together. The firft of dicfc 
founds is a mufical tone, and the latter a noife. 
w This b confirmed by experiences for we find 
that thofe bodies which are the moft uniform in 
their texture, and by, confequence beft adapted to 
vibrate fimply and ifochronaUy, always produce the 
moft mufical tones; as for example, maflcs of elaf- 
tic metal, brafs, caft-iron, and the like. And tliis 
tone is moreftridly mufical if the metal be fo 
formed as to vibrate in the fimplcft manner pof- 
fible. Thus, a hollow metallic veflcl or bell, if it 
be well formed and not damaged in* the tuning, 
will give -but one uniform mufical tone, or at leaft 
the tones produced will confift of one predominant 
or principal tone, and feveral others that have a 
perfeft mufical agreement with it. A wire of An 
uniform thicknefs, ftretched over two hard bridges 
or fiilcrums, will produce the fame efFeft. Mufical 
tDnes may be obtained by various means; but it 
wiU fufficiendy anfwer our prefent purpofe to attend 
only to the fimplcft method wherein ftrings or wires 
are made ufe of. 
X Experience and reafon have eftablifhed the fol- 
lowing portions refpefting the vibrations of cords 
or ftrings. " 
Y The forces or weights which are necellary to 
draw an extended chord a b (fig. 133) out of its 
place to the diftances ce, cf) eg, are diredlly 
proportional to thofe diftances, provided the chord 
be not too much drawn afide. 

There- 



Therefore, Cncc tSe forces with which the chord z 
retarns^ to its firft ficaation> when fet at libi>rt7, are 
always in proportion to the ^ce k has to pais 
through^ the vibradons moil all b» perfbrmed iii 
equd times. 

If choi^ds difib* only in i^ickncfs^ the dmes of a 
Aeir vibrations wiH be AfeSAy as their diameters. 

If chords differ onff m tenfion, the times of » 
their vibratioi)^ w3! be inverfely a« the &pmo roots 
of Ae wdghts by which ifhey are ftretched. 

If chords differ only in kngth, the rimes of their c 
vibriicions will be dircfllly as then* lengths^; 

Thac tone produced by a ftring that vibrates o 
qukkly is termed acate or fharp, whca; compared 
with the tenc of a ftring that vibrates flower i and 
the tone produced by the latter is caHed grave or 
flat, when compared widi that of the former. 

If two chords be ftruck, either at the fame iaftanC b 
or in intermediate fuccefTion, the coincidence of found 
b pkaiing or di^^afing, accordingly as the two 
tones produced ftand related to each other m gra- 
vity or acutenefs: if they be fo related as to afford 
pleafin-e, the coincidence h called a copcord, but if 
not, it is termed a difcord. 

' A fet of tones which follow each other, and afford f 
pleafirre, is caHed melody i a fet of cotemporijiry 
tones which afford picafure, i^ called harmony. 

The more frequendy the vibrations of two chords Q 
coincide wkh each other the perfefter the concord 
win be; thus, two equal (trings, equally ftretchcd, 
Witt each give the fame tone; the vibrations of the on<3r 

F 3 will 



H 



70 MUSICAL SOUNDS. ' 

will cobcide with thofe of the other^ and the con- 
cord will be moft perfeA: again> two ftring$i dtfier- 
ing pnly in lengths the one being half the length 
of the other, will vibrate the one twice while the 
other vibrates once> the coincidence will be at every 
feicond vibration of the fhorter firing, and a concord 
will be produced^ but lefs perfe&; if the firings be 
in length as 2 to 3, the coincidence will be lefs fre- 
quent, namely, at the third vibration pf the fhorter 
firing, and the concord will be flill lefs perfect: and 
fb forth. 

By the help of theie principles all flringed in- 
ftrutnents are conftru£ted; that feries of mufical 
tones being feleded, which experience has ihewn 
to be bed adapted for the purpofes of melody and 
harmony. The feries is called the diatonic fcale» 
and its properties, together with the names of the 



Names. 


S,\mV\ 


Lengths. 


Perfedlion. 


Unifon, or fiin- 
damental 


> 


I : 


I Mofl perfcdl concord. , 


Second 


- 


10 : 


9 Difcprd. 


Third greater 




5 • 


4 Imperfedt concord. 


Fourth 


- 


4 • 


3 Impcrfedl concord. 


Fifth - - 


-P 


i: 


2 Perfeft concord. 


Sixth greater 


- 


5 • 


3 Imperfeft concord. 


Seventh greater 




15 '• 


'8 Difcord. 


Oftave 


« 


2 : 


I Perfed concordi 



K 



The above is called the fharp feries, in contra- 
diftinftion to the flat feries, or fcale, wherein the 
third, fixth, and feventh are lefs or flat> being in 

the 
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the ratios of 6 : 5, 8 : 5 and 9 : 5. There are 

V 

likewile other intermediate tones ufed in pF%£t:icej 
as the fecond lefs^ and fourdi greater, whofe lengths 
are as 16 : 15^ and 7 : 5. All thefe are found 
in the conftrudion of inftruments ; that by their 
means the performer may place his fundamentalj or 
principal note^ on any of the tones at pleafure^ and 
ufe the otber tones which liand it^ the above rela* 
tions to it; fuch being found fufficiently near for 
praAice^ though not {o perfefdy accurate as in the 
ieries the inflrument is fbrnied for. 

The notation of muficj and die relations of difie* x. 
rent fcales to each other^ together with the other 
paruculars on which the rules for compofition 
and accompanyment dependj require too copious^ 
m explanation to be admitted in this place. 
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A DESCRIPTION OB VARIOUS INSTRXTMENTSj CON« 
SISTING CHIEFLY OF SUCH AS DEPEND ON THE 
PROPERTIES OF TH^ AIR FOR THEIR EFFECTS. 

U Thx mercury in the Toirlcdfian tube fbmdi 
at the height of about thirty inches^ by toicsm 
of the prefiure of the air, and ia confideriog die 
phenomena of windsj we have feen that dii^ pref^ 
fure is not every where alike> nor dways die fame 
^ any partic\dar place; In ^o&cpieiice of Ithk k 
happens^ that the mercury m the TomccHian tube 
does not prefcrve the. fame invariable aldtude: fer^ 
when the air at any place i» denfe^ the niercut^ 
{lands at a greater height than when it becomes 
lighter (32, b): dius the tube becomes an in- 
ftrumcnt to indicate the varying weight of die 
atmofphcre, and when fixed in a proper frame 
with graduadons to meafure the altitude of the 
mercury, is known by the name of the barometer. 
The variations are between the altitudes of 27^ 
and 304- inches, 
1^ The heights of two barometers cannot be com* 
, pared together with any exaftnels, unlcfs they be 
both conftrufted in the bcft mannen The fpecific 
gravity of the inchided mercury ought to be accu- 
rately found ; and it is neceflary to . boil it in the 
tube, for the purpofe of effeftually excluding the 
^ir and moifture from within. If the furface of the 

7 mercury 
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mtrcmy expofed to the air be larger than that in 
the tube, and this kft be left than half an inch 
in diameter, the mercury will riot rift to its fiift 
height. This difference ought to be known, and 
allowed fer, between dtflfc^enc barometers. 

The inftrumcnt, fig. 13 1, is ufed under the o 
name of the marine barometer, it being uleful at fea, 
^herc the common barometer is of little fcrvicc, o» 
, account of the ftrip's motion,* which caufes the mer- 
cury to librate up and down in the tube. But as 
this barometer is fubjeii: to alteration, on account 
of heat and cold, as well as on account of change 
m the weight of the air; and t^ diftinguiflring 
the effeSs of each h attended with ibme little trou^ 
ble, it is not much in uie on Jfhore. 

Theve are many contrivances for enlar^ng the p 
divisions on the barbmeter, fuch as inclijwg the 
tobe^ and t^ Hkc, but they are all: fulgedl Ho in^ 
eonTcniences^ on account of fri£lioi^ which tl^ 
nprigbc barometer is free fbonu 

An inftfument fimilar to die marine barometer q^ 
was fimnerly made ufe of to indicate the varying 
temperature x>f the weatter. For the marine baro* 
meter is alio a dnernsometer^ and it»variatiocis being 
thus occafioiKd by two cau&s, prevent iu being 
appficd to either purpofe. The thermometer, or in* 
ftnxnent ufed to exhibit d^ecs of heat and coU^ ii 
therefore conftru£^ed by the ufe of other fiuidsw 

The prc^rty of txpui&on by heat not being n 
peo^ to »r, but common to all bodies, we are at 

liberty 
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liberty to choofe any iubllance in nature for a ther-' 
mometer. In this choice it is required^ that. the 
body made ufe of ihould be fuch^ that its expanfions 
may be the efFe6b of heat aione^ that they may be 
eafily and corredtly meafured^ and that the body 
may be capable of performing its office in tempe- 
ratures very dillant from each other. As the pref- 
fure of the atmofphere is not confiderable enough to 
alter the dimenfions of denfe bodies in any fen- 
(ible degree, it is plain that their mutadons will 
indicate the cfFeds of heat alone> and confe- 
quendy they muft be very proper for^the matter, 
of thermometers: but thefe mutations being very 
fmall in proportion to the whole bulk, folid bodies 
muft be inconvenient for the purpofe, on account 

. of the great length required to make them percepr 
tible : but in fluids, by fneans of proper vefielj^ it 
will be eafy to render the leaft alteration vifihlei 
for if the neck or ftcm of any glafe-veflel be very 
fmall in proportion to the contents of the bulb or 
botde, the leaft expanfion of the included liquor 

5 will occafion a vifible rife in the neck. Thus, a b 
(^g* 134) reprefents a gla(s-tube, whofe end a is 
blown into a ball : this ball, and part of the tube, 
being filled with quickfilver, the leaft change of 
the bulk of the quickfilvery and coniequendy of die 
temperature of the circumambient air, or contigu- 
ous bodies, is fhewn by a rife or fall of the fur- 
face in the tube; the quantity of which is indicated 
by the fcale a b, affixed to the frame of the inflru- 
ment.. 

Quick* 
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Quicklilvcr is the bcft fluid for thermometers, t 

l)ecaufe it is not fubjeA either to alter its expanfibi- 

lit7, or to foil the tube, and gives befides a very ' 

extenfive fcale of divifions. The thermometer ufed 

in Britain is graduated according to the icale of 

the celebrated Fahrenheit, There are 1 80 divifions 

» 

or degrees between the freezing and boiling water 
points; the freezing point being reckoned 32^ * 
above o, or the commencement of the fcale*. The 
degrees are counted both upwards and downwards 
from o. A good thermometer muft poffefs the 
following properties; The upper end muft be her- 
metically fealed, and the empty fpace above the 
quickfilver muft contain no air, or at moft very 
little. This circumftance is afcertained by holding 
the inftrument with the ball uppermoft; in which 
fituation the mercury will immediately run fo as to 
fill the whole capacity of the tube. The fcale muft 
be well adjufted, and divided according to the 
capacity of the tube. To prove this, let the ther-. 
mometer be taken from its fcale, and laid in fnow, 
or pounded ice, juft beginning to melt: it (hould 
be covered nearly as high as the freezing point, or 
ja^ IS fiippofed to lie. When the mercury becomes 
ftationary, mark the tube with the edge of a knife • 
where it Hands, of, if there be a mark ready made, 
as there commonly is, obferve whether it accurately 

^ Reaamur's fcale, principally ufed by the French, begins 
at the freezing point, and proceeds both ways from o. From 
freezing to boiling water is 80 degrees. 

; agrees 
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agrees with the furfece of the mercury, if it doe^ ■ 
the freezing point is well fettled. Wrap now frvcral 
folds of linen rass or flannel round the tube of the 
thermometer nearly as high as the fuppofed boil- 
ing poinrj hold the ball of the thermometer in the 
afcending current of boiling rain-water about tw^ 
or three inches bdow the farface; pour boifing^ 
water on the rags three or four times, waiting^ 3 
few feconds between each time, and wait fomc 
feconds after the laft time of pouring on ^watcr be- 
fore the boiling point is marked on the tube, in 
order that the water may recover its full ftrength 
of boiling, which is confidcrably diecked by 
pouring on the boiHng water. This laft experi- 
ment muft be made when the barometer ftands at 
129.8 inches. The adjuftment of the fixed points 
being thus afccrtained, faften the thermometer again 
to its fcale, and agitata it fb as to break or divide 
the thread of mercury in the tube. By variouOy 
incHnihg the inftrtiment the feparatcd portion of 
mercury may be made to reft in different parts <s( 
the tube, and its length obfervcd on the fcale. If 
its length in every part of the tube correfponds to 
the fame number of degrees, the fcale is weft 
divided. This laft objeft is by no means to be 
negleftcd : for it feldom happens that the diameters 
of thermometer-tubes are fufficiently regular to 
admit of a fcale divided into equal parts. Such 
a fcale will ufually produce an error of upwards 
of a degree near t|>e temperature of i oo^, thcMJgh 

the 



THl THERMOMETER. 77 ' 

the Gxcd points be ever fo well fettled; and in 
(bene inftances the error may even amount to four 
or five degrees. 

'Thermwieters with fmall bulbs, and tubes in u 
proportion^ arc the moft ufefliL - For a large vo- 
lume of mercury requires a cpnfiderable time to be 
either heated or cooled, and if it be immerfed in 
any liquid, it will change the temperature of the 
liquid much more than a fmaller inftrument would 
have done, and confequently is lefs adapted to 
Ihfew the temperature of the liquid at the time of 
its immcrCkm. If the fcale of a thermometer be 
of a dark colour, and the thread of mercury fmall, 
its ftation will be rendered more difcernible by flip- 
ping a piece of white paper behind the tube. 

The preffiarc of the atmofphere on the outfide of v 
a thermometer not being counterafted by the Ipring 
of any included air, is exerted in diminifliing the 
fize of the bulb, and fiiftains the mercury fome* 
.what higher than it would ftand, merely by reafon 
of its temperature. This is proved by breaking 
off the fcaled end of the. tube 5 in confequence of 
which the mercury immediately falls. This quan- 
tity varies with the weight of the atmofphere, but 
the quantity of the variation can feldom amount to 
more than the tenth part of a degree. Thermome- 
ters with fpherical bulbs are lefs afted on by the 
weight of the atmofphere than others. 

If the bent tube ced (fig. 135) be filled with w 

water, and the Ihorter leg ec immerfed in the 

water contained in the vcflel ab, the water will 

all 
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all flow out at the aperture d> and tfae veflel will bf 
emptied. For the preflure that.fupports the ^wter 
in the leg c b is equal to the weight of the atmo- 
fphere^ and is counteraded by the wdght of the 
column £ c, and the prefliire that fuj^rts the watei; 
in the leg d £ is the fame weighty but counterafted 
by the column £ o. And as £ d is longer than e c, 
the preflure of the atmoiphere on d wiU be lefi 
effedual than that on c^ confequendy the whole 
mafs of water in the tube wUl move towards^ the 
orifice d, receding from the greater preflure. Thb 
inftrument is called a fyphon, and is ibmetimes ufed 
to draw liquors out of caflcs that are fb placed as 
not convcnicndy to be moved. 

A very probable account of the caufe of intermit- 
ting fprings may be given on the principle of the 
iyphon. For, let o f c (iig. 136) reprefent a ca- 
vity or receptacle in the bowels of a mountain, 
from the bottom of wl^ch c, proceeds the irregular 
cavity or fyphon ced: then, if by fprings or 
othcrwife the recjeptade begin to fill, the water 
will at the fame time rife in the leg C£ of the 
fyphon till it has att&ined the horizontal level h h : 
when it will begin to flow out by means of the 
leg E D, and will continue to increafe in the quan- 
tity difcharged, as the water rifcs flill higher, dll 
at length the fyphon will emit a fiiU ftream, and by 
that means empty the receptacle. At this period 
the flream will ceafe, till the receptacle being agan 
filled, will again exhibit the fame appearance. And 
thefe periodical returns of flood and ceflation will 

be 
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Be regular, if the filling of the refervoir be fo ; but 
the interval of the returns mull depend on the 
dimenfions of the apparatus, and the quantity of 
water furnifhed by the fprings. 

The aftion of that very ufcful inftrument the y 

common pump, depends on tjie prefTure of the atmo- 

fphere. It confifts of a pipe c d (fig. 137) whole 

lower end c is immeried in water: at b is fixed a 

valve opening upwards, and in the fuperior part 

of the tube is worked a pifton a, fitted very clofcly 

in the pipe by means of leather. In this alfo is a 

valve opening upwards. Now, if the part above b 

be filled with water, to render the 'whole air* tight, 

the pifton a being thruft down to b, and afterwards 

raifed, will leave a vacuum or void fpacc between 

B* and A, into which the air contained in the lower 

part of the pipe c b, will expand itfelf. The Ipring 

of this air being thus weakened by the expanfion, 

will no jonger counterpoife the efFeft of the prcflbre 

of the atmolphere, and the water will rife in the tube 

till the equilibrium is rellored. By deprelTing the 

pifton A, the valve b is fufFered to clofe, and a part 

of the air between the valve and pifton efcapcs 

through A. After a few ftrokes the whole of the 

uiduded air is extrafled, the water riles through the 

valve B, dnd is difcharged by the pifton a. This 

operation may be continued at pleafure. But if z 

the height b c be more than 34 feet, the water 

will not rife to the valve; for a column of frcfti 

water of that, length being equal to the weight of 

the atmofphere, it can be raifed no higher by that 

Weight. 
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weight Thus it happens for the fame reafon that the 
mercury in the barometer never rifes beyond a 
certain height; and if a pump, fimihed with the 
utmod exa£tnefs on the principle here defcribed^ 
be made to work in mercury, it wiU not r^uie it 
beyond that height. 

A The 'fire-engine a6h by means of the weight 
and elafticity of the air. For it is conopofed of 
two barrels, £ and d, (fig. 138) in each of which 
a folid pifton or plunger is worked by means of «. 
double lever. Thele barrels communicate with 
the water by a pipe, not exprefled in the figure: 
they alfo communicate with the ftrong cylmder or 
veflel c c, by the pipes l and t. At m and k iji 
the barrels are valves opening upwards, and at l 
and T are valves which open towards the cylinder. 
In the figure, the pifton in d being nufed, -the 
water rulhes in at k, while that in £ bdng d<s 
prefled, forces its contents into the cylinder 
through the valve t. ^ At the next ftroke the haird 
£ .raifes .the water, while the contents of the JDiarrd 
D are forced into the cylinder: and thus the aber^ 
nate adions of raifing and forcii^ may be cond* 
nued at pleafure. Now, the water Joeing forced 
into the cylinder, comprefies the air contaiaed 
within into ^ fmall ipaoe; and this air reafiang on 
the water, drives it in a continual ftream throfu^ 
the pipe p o Qji, which msj be direfted as neceffity 
ftidl require. 

B The great force of comprefled sur is flicwn bf 
many experiments, particularly in the performance 

of 
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tt the wihd-g;uri; Fig. 1393 reprefents a feftion of 
this inftrament; a k is the barrel, containing a 
ball at K, This barrdl is contained within another 
larger tube c d r e, and in the intermediate cavity, 
the air is comprefTed and kept M n is a cylindti- 
|al cavity in the ftock or butt end of the piece, in 
which a pifton works, for the purpofe of forcing 
thfe air into the befdr^-merttioned cavity. The air 
is prevented from returning by the ihut or valve 
i», which is opened by the air^ as it is forced in, 
but at other times, is Hept fliut by the fjpting of 
the included aif. At l is placed another valve, 
preffed clofe by means of a ipring on the orifice of 
the barrel, to prevent the air from efcaping. A 
wire paffing through a hole, rendered air-tight by 
wet and greafy leather, is affixed to this valve, 
and appears afterwards at o, in the form of a trig- 
ger. When the trigger is drawn back, the valve 
X opens, and the air rufhing out, drives the ball 
with a force that feems not much lefs than if it 
were difcharged froin a mufquct. 

A variety of curious and pleafing fountains may 
be formed by the help of the properties of the air 
combined with hydroftatical principles. The fol- 
lowing is one of the fimpleft. a b c d (fig. 1 40) is a 
copper veffel, 'near two thirds filjed with water: at 
M is fcrewed in the tube i c, the junftion being 
made air-tight by means of wet and greafy leather, 
and in the upper part of the tube is fixed a ftop- 
cock H. The ftop-cock being opened, a forcing 
fyringe is fcrewed on at i, and a great quantity of ^ 

Vol. II. G air 
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air injcfted, whence the ait in the cavity ABFfi 
being very much condcnfcd> preffes on the furface . 
of the . included Water* The ftop-cock being then 
fhut, the fyringc is removed, and an adjuugc 
fere Wed on in its place; through which, if the 
ftop-cock be again opened, the water will fpout 
forth with great violence. ^ 

Fig» 141, is a drawing of a very ingenious foun- 
tain, whofe 9onftru6fion will be better underftood 
from the fcftion exhibited in fig, 142. bc isan 
open difli, or veffeL r s ^d tv are refervoirs for 
water; eacTi of which is divided into two by the 
partitions v i and x v. The tube e f pafles through 
without communicating with the upper refervoir, 
and ferves to convey water from the bafon b c to 
the part t x y of the lower refervoir. The tube c x 
forms a communication between the part t x y of 
the lower, and r v i of the upper refervoir. The 
tube I K forms a communication between the part 
R V I of the upper, and y x u of the lower refervoir. 
And the tube m l forms a communication between 
the part y x u of the lower, and i v s of the upper 
refervoir. Laftly, there are openings at o n p q^, to 
fill or evacuate the refervoirs, and aa adjutage pipe 
V I communicating with the part i v s. The mode 
of aftion is this: water being poured into the up- 
per refervoir by the openings o and n, the foun- 
tain is fet upright, the openings being previoufly 
clofed,,and alfo the adjutage d. The bafon bc 
muft then have water poured into it till it ceafcs 
to run down , thp pipe £ f. In this ftate the 
* fountain 
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fountain rcizy be faid to be charged. For the 
water that has pafled down ef condenfes the air 
in the part txy> and aUb in the fuperior pare 
R V I, by bicans of the tube of communication o h. 
In the fame manner the water paffes frpm the up- 
per reftrvoir down the tube i k into the other 
lower part y x u> and condenfes the air there as well 
as in the other upper part vis, by means of the 
pipe of communication m l. The water in the 
upper part v i s is therefore preflcd by air condenfcd 
by the weight of the column i k> and alfo of the 
column E Fj becaufe i k is in efFeft preffed by this 
laft. Open the adjutage d, and the water ' will 
iffiie out and rife f2o, b) to nearly the height 
of both the columns b f and i k together. The 
water in both thofe columns muft dcfcend, but as 
the tube e f is fupplied by the falling jet that if* 
foes out of the chamber vis, while the tube i k is 
fupplied by the water from the chamber r v i, the 
fountain will continue to play till the upper cham- 
bers VIS and r v i have refpcftivcly emptied thent- 
felves into the lower chambers t x y and y x u. 

In many mechanical engines, where the force E 
of an elailic fluid is required, the (team of boiling 
water is made ufe of^ becaufe it is eafily obtained, 
is prodigioufly elaftic, and may be quickly dci- 
prived of its elafticity. 

The firft engine we have* any aqcount of, for f 
ratling water l^^he force of fteam, was conftrufted 
about a century ago . upon the principle of the fi- 
gure, (fig. 143) where h reprefents a cbpper 

G 2 boiler 
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boiler placed on a furnace- b is a ftrong iroi» f- 
veflel communicating with the boiler by means ol^.^i ^^i 
a pipe at top, and with the main pipe a b, by: ^-. 
means of a pipe i at bottom* a b is the main pipe" Sr. 
immerfed in the water at b* d and c are two fixed {^ 
valves,, both opening upwards, one\ being placed ' 
abovfs, and the other below the pipe of commu- /; 
liication K Laftly, at g isa cock that ferves oc-' ^ 
cafionally to wet and. cool the veffel e, by water 
frpm the main pipe, and f is a cock in the pipe 
of communication between the veflel e and the'- 

l^iler. 
G ' The engine is fet to work, by filling the cop^ 
per in part with water, and alfo the upper part of 
the main pipe above the valve c, the fire in the 
furnace being lighted at the fame time. When 
the water boils ftrongly, the cock, f is opened, .thi* 
fteam ruflics into the veflel e, and expels the aif 
from thence through the valve c. The veflTel i 
thus filled, and violently heated by the ftedm, ijl 
' fuddenly cooled by the water which falls on it upott 
turning the cock g, the cock f being at the fame 
time.fliut, to prevent any frefli acceflion of fteam 
from the boiler. In confeqoence of this, the' fteam> 
in E becoming condenfed, leaves the cavity withr 
in aknoft intirely vacuous: the preflTure of the at- 
mofphere at b^ therefore, forces the water through 
the valve d till the veflel £ is nearly filled. The 
condenfmg cock g is t^en fhut, apd the &c^^ 
cock ^ again opened^ the fteam. rufliing into f, 
expels the water through the valve c, as it befi)i« 

^d 
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Vlid the air. Thus e becomes again filled with hoc 
ilcam> which is again cooled and condcnfed by Ac 
water from o, the fupply of fteam beings cut off 
•by Ihutring f, as in the former operation : the wa- 
ter conicqucndy nifhes through p,Jby the preilure 
of thj atmofphere at b^ and e is again filled. ^This 
water is forced up the main pipe through c, by 
openii^ F and fhutring Cj as before. It is eafy 
to conceive^ that by this alternate opening and 
ihutting the cocks> water will be continually 
raifed^ as long as the boiler continues to fupply 
die fteam» 

For the fake of perfpkuity, the drawing is di- h 

vcftied of the apparatus that ferves to turn the two 

cocks at once^ and of the contrivances for tilling 

the copper to the proper quantity. The engines 

of this conftrudlion were ufually made to work 

• with two receivers or fteam veflels, one to receive 

*the fteam, while the other was railing water by 

the condenfation. This inftrument has been linct 

improved, by admitting the end bf the condenfing 

pipe 6 into the veflfel e, by which means the 

fteam is more fuddenly and efFedually condenfed 

than by water on the outfide of the veflfel. 

> The advantag;es of this engine arc, that it may i 

be ere^ed in almoft any fituation, requires but 

litdc room, and is fubjeft to very little friftion in 

its parts: its difadvantages are^ that great part of 

die fteam is ^endenfed, aqd lofes its force upon 

coming into fcontaft with the water in the vcflcl e, 

. md that die heat, and elafticity of jthe fteam xxsvSc 

Q I bQ 
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be increaled in propordon to the hej^t the water 
is required to be raifed to. On both thefe ac*- 
counts a large fire ,is required^ and the copper mufl: 
be very ftrong, when the height is conliderable^ 
bcherwife there is danger of its burfting. The fol- 
lowing engine is much to be preferred when die 
work to be done is heavy, and is lefs chargeable 
in fuel, bccaufe it afts by means of fteam whofe 
denfity is not much greater than that of the com?* 
mon air. 

K In fig. i44j H reprefcnts the copper boiler on 
its furnace. £ is a cylindrical veflel of is^ot^, in 
^hich the pifton o o moves \xp and down; the 
edges di the pifton being armed with, oakum and 
grcafe, render the whole cavity between the piftoa 
and the bottom of the cylinder air-tight, f is a 
cock to admit jleam into the cylinder from the 
boiler, i k is a lever, attached to the pifton at r, 
and at'^K to the piflon of a pump which works 
on ; that fid^. p (^ is ^a folid piilon moving in die 
pipe R M, and loaded with a heavy -weight at p. 
A B c is t|ie main pipe that receives the water forced 
from R M through a valve c opening outwards. 
N is an air-veflel communicadng with the main 
pipe. D is a valve ^ opening upwards, and at u 
is the water to' be raifed. 

h In the drawing, the engine is reprefented in the 
pofition it has at the end of a forcing ftroke, 
which *is likewife its pofidon when at reft. Sup- 
pofe the main pipe a b c to be filled with water, 
M the w^ty ip the copper .h to boil.flrongly. 

The 
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The cock f being then opened, the fteam ruihcs 
into the cylinder, and being much lighter (han the 
^r, riies to the top» and expels the air through a 
valve in the bottom of the cylinder. -Thjs being 
.accbmpliihed, f is (hut; and the cock o commii* 
nkating with the main pipe is opened, which imme- 
diately condenfes the fteam, by violendy fpouting 
cold water againft the bottom of th6 pifton,* A 
vacuum being thus obtained, the preflure of the 
atmoiphere forces the pifton down to die bottom 
of the cylinder; the lever i k is moved of courfe, 
the pifton p q^ with its weight is ra^ifed, and the 
water afcends in the pipe mk upon the principle 
of the common puQip. * The cock, o being now 
ihut, and f opened, the fteam enters the cylinder, 
and counteracts the preflure of the atmofphere on 
the pifton o o. la coniequence of this, the weight 
p prevails, and drives down the pifton k cl, farcing 
the water through the valve c into the main pipe 
and its air vefleL The ufe of the air vefiel is to 
prevent the main pipe from burfting by the fudded 
entrance of the water; for the air at n being 
elaftic, g^ves way to the ftroke, and its readlon 
during the time of elevating the pifton p q^ con- 
tinues the motion of the wateo fo that its Velocity 
is no more than half what it would hjve been if 
it had been impelled by ftarts> and refted during 
the raifmg of the pifton. By opening the cock q 
and ihutting f, the fteam is agam condenfed, the 
preflure of the atmofphere again prevails, and thus 
the work may be continued at pleafure*. 

G 4 In 
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if In this drawing likewiie, the roechanifm is omic^ 
ted, that (Serves to open and Ihut (he cocks. This 
office is performed by a beaQi and ropes attached 
to the lever i ic> lb diat the attendance, required is 
very little more than is neceflary to fupply the 
boiler with water^ and to prevent the fire from 
going out. 

N The chief advantage of this engine beyond the 
former isj that the water may be forced to any 
height without increafmg the force of the fteam> 
which never need be much greater than that of the 
atmofpherej and therefore the boiler is very litde 
endangered. The maximum of its power depends 
iipon the area of the pifton.oos for the larger 
the area, the greater the column of the atmoiphere 
that preflTcs iti and confcquently the heavier the 
weight p or counterpoife may be. If oo the pifton 
be 36 inches in diameter, it will be prefled by a 
column of the atmofphere equal in . weight to a 
column of mercury of that diameter, and 3a inches 
in heights that is to fay, almoft ^ tbn. 

o But, notwithllanding the great {kill and conr 
trivance difplayed in this eng^ncj^ it is at prefent 
almoft entirely fuperfeded by one of a much better 
conftruftion, invented and perfedled by MefTrs. 
Watt and Boulton, of Birmingham. In their engine, 
inftead of the pifton o o being deprefled by means of 
the wci^hf of the atmofphere, the fteam is thrown 
upon it, the upper part of the cylinder e being clofed, 
and the rod l of the pifton which is fmooth and 
poliftied, being admitted through a perforation, 

which 
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V^hich is wadded fo as to be air-tight* l*hc afccnt 
of the pifton is obtained by letting the fteam out 
of the cylinder ihto a veifel at a confiderable dil^ 
tance^ where it meets with, and is condenfed by a 
jet of cold water; while a vacuum is conftantly 
maintained in the lower part of the cylinder by the 
acftion of the pump that carries off the inje'ftion 
water. The force of fteam employed in this en* 
gine is ulually equal to one atmofphere and a 
quarter, and the whole apparatus is regularly 
worked by the principal lever i k. The advantages 
of thiseonftruftion are, that by incrcafing the force 
of the fteam the power of thd engine may be in- 
creafed, without enlarging the diameter of the 
cyfind^r; and a leis expence of fteam is required 
on account of the condenfation being performed at 
a diftance from the cylinder, which is not there* 
fore cooled by the injeftion of the cold water. 
^This laft circumftance renders the engine capable 
of making a greater number of ftrokes in a mi- 
nute With a much lefs expence of fuel than the old 
engine. In fome of the latcft improved engines 
ithe aiftion of tht fteam is rendered equal on the 
lever, by adapting the figure of the arch at its ex- 
tremity, fo that the lever is in efFeft rendered 
longer, towards the end of the ftroke, where the 
power of the fteam is weaker* 

The elafticity of the air affords a method of ? 
determining the depth of the fea in places, where 
a line cannot be uied. Fig. 145, is a machine 
for this purpofc. a reprcfents a large ball *of fir 

or 
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or Other light wood, varnifhed over, to prcfcnre 
it from the cfFeds of the water; b' is a hollow 
glafs veflel, whofe contents in fea water are exa£Uy 
known; fuppofe; for inftance>f two pounds: its 
neck c terminates in a fmall orifice> and is beat 
downwards, to prevent the efcape of the included 
air, when it is immerfed in ^aten At e is a 
jpringrhook, which, if at libert]^, would ftand in 
the pofition e, but is prefled throi^ a Ok in the 
ilem at the bottom, and kept to its place by hook^ 
ing on the weight d. The whole inltrument thus 
prepared is fuffered to fink in the water. And 
the confequence is, that as it finks, thepreflure 
of the water continually inqreafing, forces its way 
into the veflel,' and condenfes thc.air contained 
within ; but when it arrives at. the bottom, the 
weight u ftriking firft, is ftoppcd, while the reft, 
of the apparatus proceeds a little onwards^ by rea* 
fon of its acquired velocity. The hook e being 
thus difengaged from the weight, flies back, and 
leaves it intirely, fo that the ball a is at liberty to 
life again to the flirface. From the quantity of 
-water contained in b at its emergence, it is eafy 
to determine the depth it has defcended to. For> 
fince the denfity of air is as the compreffing w^ight> 
the bulk of the fame quantity of air under dif- 
ferent preffures, muft be inverfely as the weighs 
And experiment (hews, that the mean weight of 
the atmofphere is equal to about 32 feet of fea- 
water: therefore, at the depth of 32 feet, the air 
included in the veflel c will fuftain the prefliire of 
7 twa 
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two Mttiofpheres^ and confcquently will be con- 

idenied into half its former fpace; at 64 feet depth 

it will fuftain the prelTure of three atmbfpheres, and 

be condcflfcd into one third of its firft fpace, and 

fo forth* Suppofej for example, an empty ball, as 

above defcribed, capable of holding two pounds 

troy cf fea- water, were to defcend to an unknown 

depth in the fea, and at its return was found to 

contain ilbJ 11 oz. 18 dwts. of water, it is re- 

quired to find the depth ? Then, as the bulk the 

air was oomprefled into, when at the bottom of the 

iea, which is exprefled by 2 dwts. Is to the bulk 

of the anr before immerfion, exprefled by a lb. So 

is the weight of the atmoiphere, by which the dr 

was compreflcd before immerfion, which is ex- ' 

preflcd by 32 feet of water. To the weight by 

which the air was compreflcd when at the bottom 

of the fea, 3840 feet. From. which dedud 32 

feet for the prtflure of the atmofphere, and the 

remainder, 3808 feet, indicates the depth of the 

fea. 

This method is fubje€t to two objedlions. The ^ 
firfl: is, that probably the fpecific gravity of the 
feii may be different at different depths, and con- 
fequently the prefliires may not be as the depths: 
the other is, that air in very great condenfations , 
doe§ not ftriftly follow the ratio of the preflure, 
but refifts in a greater degree. A careful ieries of 
experiments may however indicate the allowances 
necefiary to be made on both accounts, and m 
finall depths the inftrument is fufliciendy accurate 

on ' 
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on the principle already laid down. If diis inftni* 
meut were to be applied to meafure confiderable 
depths, the temperature of the fubmarine regions 
would require to be found and allowed for. 

It is a well-known hSt, that an empty veflel, 
that' is to fay, a vefiel containing air, immerfed ia 
water with the mouth downwards, 'will not be- 
come filled, becaufe the Iprii^ of the air will pre- 
vent the water from entering, as may be eaiily ieen 
by the help^ of a wine-glafs. The diving-bell is 
conftrufted on this principle. It confifts of a large 
veiTel, or kind of cafk, fo loaded with lead as tp 
iink when empty, with the mouth downwards. In 
the top is fixed a cock to let out the air, and a 
ftrong pane of gkfs to afford light to the diven, 
who fit^ on a circular bench in the infide. This 
machine is lowered into the water about twelve 
feet at a time, and at each pauie air is lent, down 
in fmaller bells to the divers, and by thenr received 
into the cavity of the 'great bell, for the purpofe 
of expelling the water that enters as the preffure 
condenfes the included air. After it has arrived 
at the bottom of the iea, the operators continue 
by the fame means to replenifh the air which be- 
comes foul by breatljing, fuffering the impure air 
to efcape by the cock in the upper part, as they 
receive frcfh air by the barrels or fmall bells; fo 
that by this contrivance they can remain under 
water as long as they pleafe. 

The air-balloon is of two kinds; the one /in- 
tended to contain heated air, and the other in- 
flammable 
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fiammable aif^ ; Hot air occupies more fpace \vhen 
colder (54) g)> Und inflammable air is much 
lighter at a given temperature than the common 
air of the atmofphere* From this it follows, 
that any mafs of either heated or inflammable 
air, if at liberty, will afcend in the atmofphere ' 
with a force of buoyancy equal to the diflTc- 
itncc , between its own weight and the weight of 
an equal bulk of common air (9, b); If the 
heated or the inflammable air be inclij|Jcd in a bag, 
and the weight of the bag be lefs than the dif- 
ference jufl: mentioned, the bag will be carried up- 
wards, though with a lefs degree of force, namely,^ ' 
- with a force equal to the difference leflened by the 
weight of the bag. This is commonly called an 
air-balloon; which, though its figurie is not eflcn- 
tial to its property of afcending, we will fuppofe 
to be a globe. If the magnitude of a balloon be t 
increafed, its power of afcenfion, or the difierence 
between the weight of the included air and an 
equal bulk of common air will be augmented in 
the lame proportion; that is to fay, in proportion 
to the cube of its diameter. But the weight of 
the covering -or bag will not be increafed in fo 
great a proportion. For its thicknefs being fup- 
poied the fame, it is as the furfece it. covers, , or 
only as the fquare of the diameter. This circum- 

ilance is the caufe why balloons cannot be made 

f 

to afcend, if under a given magnitude, with cloth 
\ or. materials of the fame thicknefs. 

Fig. 
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V Fig* I46'> reprefents the balloon firft invented* 
It confifts of an immenfe bag of canvas> or other 
cloth, painted with a compofition that may leflen 
its fufccptibility to take fire. A net covers the 
upper part of its furface, from which proceed 
ropes that fuftain a gallery to carry the adventurers 
and fuel The lower part is affixed to the gal- 
lery, and open to receive the ftreams of heated a/id 
rarefied air, produced by means of fire maintained 
in an iron' gjjate, fufpended in the middle of the 
orifice. The firft inflation of the balloon is ef-/ 
fefted by means of a fire made in a proper appara- 
tus on the ground, and the attached grate ferves 
only to maintain the requifite degree of rarefac- 
tion, by furnilhing a fupply of heated dr in the 
room of that which is gradually condenfed by cool- 
ing. It is afcertaincd from experiment, that the 
rarity of the air in thefe machines depends fblely 
on its heat and its property of cooling flowlyj and 
it is likewife eftablifhcd with a confiderable degree 
of certainty, that the weight of the included air 
is at a medium, about two thirds of the weight 
of an equal bulk of the air of the atmofphere. 
This balloon is raifed or lowered while in the at- 
mofphere, by increafing or diminifhing the fire, 

V Small balloons of thin paper, raifed on this 
principle by the flame of a Ipongc, or ball of 
cotton dipped in Ipirits of wine, have been exhi- 
bited in every part of Europe, 

w The inflammable air-balloon, fig. 147, is pre- 
ferable to the other, in the prefcnt^ early ftate of 

our 
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oyr knowledge. It is ufually formed of thin filk 
varnifticd over. When filled with inflammable 
air, its tube of communication a is ufually clofcd, 
fo that the air is prevented firom efcaping. l^he 
^venturers are placed in a car or fmall veflel b, 
attached to the balloon by firings, proceeding from 
a net that covers its upper part. They carry bags 
pf fand with . them to ferve as ballaft, and the end 
of the tube of communication, as well as a firing 
that by pulling may open a valve in the top of the 
balloon, are continued down into the car. By 
thofe means they have, for a limited time, the 
power of afcending or defcending at pleafurc* 
For the power of aicenfion is increafed by emp- 
tying one or- more fand-bags, or diminifhed 
by fufFering the inflammable air to efcape either 
by the tube or through the valve. It may be obf^ 
ferved, that the inflammable air, oa account of its 
greater lightnefs, will not cjcfcend through the tube 
of communication, unlefs either by its own ex- 
panfionYrom heat, or by the diminifhed prefTure of 
the atmofphere at great heights, it is made to 
efcape while the balloon is fully inflated; but it 
will iflue from.the upper valve, when open, in all 
circumflanccs whatever. 

The inflammable air produced m the large way, 
by the eflfufion of diluted vitriolic acidj on iron 
Ihavings or turnings, is rather lefs than one fifth 
of the weight of an equal bulk of atmofpherical 
air. It is eflimated that a cubic inch of iron gives 
a cubic foot of inflammable air, and the fl:rong 

vitriolic 
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vitriolic acid, fold in London, requires to be di-a 
luted by five times its bulk of water, for this ex^ 
periment. 

To give at plcafure a progrcffive motion to air- 
balloons, in any required diredion, is a problem 
of great importance in this newly difcovered art 
of penetrating into the fupcrior regions of the at-* 
inofphere. Many wild and ^bfurd Ichcmes for 
this purpofc have been offered to the confideration 
of the public; and fome that have been carried 
into cffedt have ferved only to evince the ignorance 
or the; artful quackery of their projedtors. Little 
however of real value has been yet done towards 
accomplifhing this purpofe. THe grand difficulty 
of the attempt confifts in the large furfacc of re- 
fiftance expofed to the furrounding fluid, which 
has hitherto been fuch, that the quanti^ of air 
required to be difplaced is fo great, that the 
ftrcngth of the voyagers cannot dilplace it with 
any confiderable velocity; that is to fay, when 
they have given a fmall degree of velocity to the 
machine, the refiftance of the air becomes fuch, 
that their whole ftrength will be employed in over- 
coming it, inftead of adding to the velocity. The 
principal objedt therefore muft be, to conflruft 
the balloon of fiich a figure as that it may move 
through the air without difplacing any confiderable 
quantity of it. As to the application of the flrength, 
it may be done by a variety of methods. It is re- 
quired that it fhould be exerted on the air in the 
oppofite dircdlion to that intended to be produced 

in 
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in the balldODi and as no mechanifin can beftow or 
create ftrengch (i. 73^ e) die fimpleft machine will 
be the beft> becaufe the lols by fridton will then be 
leaft. 

The uies to which machines of this kind may be a 
applied ^re numerous and will eafily occur to any 
ingenious perfbn. It will probably b^ long before 
the experiment will be performed in a fufficiendy 
cheap way to admit of its being applied to the ordi* 
nary purpofes of travellers. Its uie on extraordi* 
nary occafionS| for die conveyance of intelligence 
in military operadons; for penetradng into places 
inacceffible by other means; or» for making phiio- 
fophical obferyadons on the fupeaor regions of die ' 
atmo^here, are fufficiendy obvious. We cannot^ 
however^ boait of any addition having been made 
to the ftock of atmofpherical knowledge, though 
very many aerial voyages have been performed. 
The probable caufes of this are, that the balloons 
have feldom afceiidcd above two miles high; that 
the novelty and grandeur of the fcene beheld from 
a balloon has prevented a drift attendon to the 
phenomena that may have prcfentcd themfclves; 
. and more efpecially, that moft of the experiments 
were performed by ignorant and mercenary imita- 
tors, who have been much more defirous of taking 
the advantage of the furprize and credulity of the ^ 
vulgar, than of making valuable obfervations, or 
reladng them with fidelity. 

The invention of the heated air balloon is the 
undoubted right of the brothers, Meilrs. Stephen 

Vol. II. H and 
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ancj John Mongolficr, ,who made the iirft experi^ 
mcnt at Avignon in November, i78&. The firfl: 
balloon raifcd in the atmofphere by means of in^ 
flammable air, was conTlrufted by piiblic fiib* 
fcripcion, opened by M. Faujas St, Fond at 
Paris. Meflrs. Roberts wece appointed to cooftruft 
the machine, and M. Charle;& to fuperintend the 
lieork. It was launched from the Champ de Mars 
Atiguft 27, 1783. The firft human bwig that 
;ifcended into the air by means of an air-balloon was 
M. Piiatre de Rosier. He was afterwards accom-- 
panied by M. Gironde de Vilettc, and afterwards by 
the Marquis d'Arlandes*. The balloon ufed in 
thefe experiments rpfe by heated air, an4 was coq^ 
ft rafted by John Mongolfier at Paris, It was pre-, 
vented, from efcaping by rppcst. The firfl aerial 
voyage was performed with the fame -balloon by 
M. Piiatre de Rozjer and the Marquis d'Arlandes, 
who pafRd over the city of Paris November ai, 
1783. The firft aerial voyage with a'b^oon filled 
with inflammable air was made by MefTrs. Charles 
and Robert ffoin Paris December i, i78j* They 
were carried about twenty- feven miles in one hour 
^nd three quarters. The great rarity qf inflame 
enable air was firft afcertained (in 1766) by Mr, 
Cavendifh, and the idea of its application to th? 
purpofe of floating a bag in the atmofphere was 
explained by Dr. Black in his lectures i^e:!Ct fbUow*- 
ing that period. Several philofophers made attempts 
to carry this into effeft previous to June 1782, and 
fucceedcd fp far as to inflate foap-bubblps widj 

inflam* 
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inBammablc air, which rapidly afcended to the ceil* 
ing. of the room. But it is to the philofophic ipirit 
and lijpcrality of our neighbours the. French that we 
are indebted for this experiment being completely 
performed in the large way, without whole encou- 
ragement it might probably have long remained 
nothing more than a happy thought*. 

On the i4tb of June, 1785, the intrepid and in-' 
genious Pilatre de Rozier fell a vidim to the new 
art in which he was die firft adventurer. He at- 
tempted to crofs the Britiih channel in company 
\nth a gentleman, whofe name was Romain. His 
balloon confiftcd of two parts : the upper contained 
inflammable air, and the lower part was a balloon 
for heated air. By this ingenious addition it was 
cxpefted, that a power of afcending or defcending 
at pleafure, without lofs either of ballafl or of in- 
flammable air, would have been obtained. When 
the unfortunate travellers were at the eftimate height 
of about fix thoufand toifes, the upper balloon took 
fire near the top, ami burft. The apparatus imme- 
dirtely fell to the ground. Pilatre de Rosier firft 
came to the earth : no figns of life were perceived 
in him, but his companion is faid to have uttered 
sin exclamation before he expired. 

This much lamented event is fuppofed to have 
arifcn either from the eleftricity of the clouds 
fetting fire to the ftrcam of inflammable air that 

• For a further account of this fubjeft, the EngUfti reader 
may have rccourfc to Cavallo's Hiftory and Pradlicc of Aero- 
ftauon. ^ 

H 2 . iffued 
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iflued from the upper valve« . or from die inflam- 
mable air that efcaped, ferming a train of commu* 
nication between the upper balloon and the fire be* 
neatlij which in its afcent was continually brought 
intt) the place before occupied by the baUoon. 
This laft opinion is rendered moil probable, from 
the agitation and apparent diftrefs obferved in the 
travellers a fliort time before die cataftrophe. They 
had prudently lowered the ftove before Pilatre dc 
Rozier opened the upper valve. The efflux of in- 
flammable air occafioned by this laft manceuvre 
was probably the immediate caufe of their deftruC"> 
ttoh*t 



CHAP. VI. 

OF THE AIR-PUMP AND ITS USES. 

B The aii*-pump is one of die moft ufefiil of all 
philofophtcal inftruments^ whofe adions depend 
on the properties of the ain By the help of this 
machine^ all that has been fhewn concerning the 
weight and elafticity of the air, is demonftrated in 
the mq^ (imple and elegant manner. Its conftruc- 
tion is as follows: £ f o h (fig. 148) is a fquare ta* 
ble of wood, a a are two ftrong barrels or tubes 
of brafs, firmly retained in their pofirion by the 
piece T T, which is prelTed on them by fcrews o o, 
fixed on the tops of the brafs pillars n n. Thefe 
barrels communicate witl> a cavity in the lower part 

♦ Sec the Couriw de TEuropc for July i, 1785, 






TR& AIR-PUMP* 



tOl 



D. At the bottom within each psmrtl Is fixed a 
valve^ opening upwards, and in each a pifton works, 
having a valve likewife opening upwards. The pif- 
tons arc moved by a cog-wheel in the piece tt, turn- 
ed by the handle b, and whoie teeth catch in the racks 
of the piftons c c. p (iji is a circular brais-plate, 
having - near its center the orifice k of a concealed 
pipe, that communicates with the cavity; in the 
piece D at V is a {crew that dofes the orifice of an^^ 
other pipe, for the purpofe of admitting the exter- 
nal air when requh*ed. lm is a glafs-receiver, 
out of which the air is to be exKaufted. It is placed 
on the plate p qji, firft covered with a wet fheep* 
ikin, or fmeared widi Wax, to prevent the air 
from infinuating under the edge of the glais. 

When the handle b is turned, one of the piftons c 
is raifed, and the other deprefiedi a void ipace is 
confequendy left betw(;en the railed pifton and the 
lower valve in the correfpondent barrel: the dr 
contained in the receiver l m, communicating with 
the barrel by the orifice k, immediately raifes the 
lower valve by its fpring, and expands into the 
void ijpaces and thus a part of the air in the re« 
^iver is extrafted. The handle then being turned 
die contrary way, raifes the other pifton, and per« 
forms the fame aft in its correfpondent barrel; 
while, in the mean time, the firft mentioned pif- 
ton being deprefled, the air, by its ipring, dofes 
the lower valve, and, raifing the valve in the 
pifton, makes its efcape. The motion of the 
handle being again rcverfcd, the firit barrel ^gain 

H 3 cxhaufts 
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^xhaufts while the f^cpnd difcharges the air In 
its turn: and thus, during the time the pump is 
worked, one barrel exhaufts the air from the 
rccdiver, while the other difcharges it through the 
valve in its piftom 

D Hence it is evident, that the vacuum in the 

- receiver of the air-pump can never be perfeftj 
that isj the air can never be entirely exhaufted: 
for it is the fpring of the air' in the receiver that, 
raifes the valve, and forces air into the barrel, and 
the barrel at each exfuAion can only tal^e away 4 
certain part of the remaining air, which is in pro- 
portion to the quantity before the ftroke, as the 
. capacity of the barrel is to that of the barrel and 
receiver added into one fum. 

s This, however, is an imperfcdlion that is fel- 
dom, if ever, of any confequcnce in practice, be- 
• cavfe all air-pumps, at a certain period of the 
exhauftion, ccafe to ad, on account of their Smper- 
fc6t conftruftion. For the, valves uf^aUy confift of 
a piece of piled bladder tied over a hpfe, fo that 
thp air is at liberty to pafs by lifting i)p the bladder, 
but cannot return again, and there will unavoidably 

' be a fmall ipace left between the lower valve and the 
pifton when down. Now, it will happen, when the 
air in the receiver is very rare, that its ipring will 
not be ftrong enough to overcome the adhefion of 
the bladder forming the lower valve, which, con- 
fequently, will remain fhut, and the exhauftion 
cannot proceed. Or, before this period, it may 
happen, that the air between the valves when the 
^ pifton 
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piik^n ks tip- may be So fmall as to lie in the ipace 
bet^bm the two valves when the pifton is down« 
l^idiout being fufHciently condetifed fi>r its fpring to 

dvehiome the adhefion of the bladder forming the 

« • • 

upper valvc> and the weight of the atnaofphere that 
, prc^s it: - in this cafe- the upper valve will remain 
Aut> aiid the e^hauftioa cannot proceed. In the 
beft air-ptjmps thefe Imperfcftions are in a great 
degree removed. For the adhefion of the bladders 
is much ^iminifhed> and the aftion of theliir upoa 
them increafedj by ^bftituting a number of large 
holes of paflage, - inftcad of one fmaller. By caut 
ing the rod of the pifton to pafs through a collar 
of leathersj fcrewed to the upper part of the barrel^ 
and placing another valve for the paflage of the 
extruded air/ the prefibre df the atmofphere is pre- 
vented from adting oh thd pifton^ £> that thb whole 
fpring of the air between tU piflen and lower valve 
is exerted in overcoming the refiftancc afibrded by 
the valve of the pifton. There are alfo contrivances 
for opening a communication between the receiver 
and the barrel, without depending on the fpring 
of the air. One of the beft of thefe confifts in an 
additional piece that lifts the lower valve when a 
lever is preffed with the foot: the lever com- 
municates with the interidr piece by means of a 
rod that pafies through a collar of leathers at the 
lower end of the barrel*. The beft fort of air- 
pumps are ufually made with a fingle barrel. 

• This is the invention of one — — — Haas, a workman in 
London, who has taken oat a patent for it. 

H 4 In 
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. In meafuiing the exhauftion there are fwo me« 
thods of proceeding. The one (hews the denfitf of 
the air left in the recetverj without regardii^ 
fuch vapours as may . aflume an elaftic form in 
the vacuum ; the other exhibits the fpring of die 
elaftic fluid in the receiver^ without fhewing whe* 
cher it be permanendy elaftic sur. The quantity 
of air is fhewn by an inftrument called the pear- 
gage. It confifts of a glaisWefiel in the form of t 
pear> with graduations near its upper end^ that 
denote certain known parts of its bulk. This is 
included in the receiver^ together with a veflel of 
mercuryj into which its mouth may be occafionally 
plunged. When the exhat^ion is made, the pear* 
gage is plunged mto the mercury^ and the external 
air admitted into the receiver. The mercury rifes 
^n the gagCj an^ occupies the whole of its cavity, 
except a fpace at top^ poflefied by a bubJDle of airj 
whofe magnitude is known from the graduationsi 
and is in proportion to the whole contents of the 
gage> as the quantity of air in the exhaufted re- 
ceiver is to an equal volume of the c<Mnmon at- 
mofpherical air. 

This gage would be accurate for all purpofesj if it 
were not that moft fluid or moift fubft:ances aflume 
an elaftic form when the preflfure of the atmol^here 
is removed. For this reafon it feldom indicates the 
^lifticity or adlual prefliiire of the fluid remaining in 
the receiver. The barometer gage is ufed for this 
purpofe. If a barometer be included beneath a 
receiver, the mercury will ftand at the lame height 

as 
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as in, the opeii a|ri but V^hen theireCeiver begins to 
be lexhaoftedj the cAercury.w}U.ikrcend> and reft at a 
height which is in proporuon ifSt iti fomier height 
as the fpring of the remtuning ^r is to its <mj^« 
nal fpring before the exhauitioit . It is ufual to fay, 
the air is as many, tin^ rarer thto the^atmofpher^ 
as the cdumn it fufi^ins is lefs than the height the 
mercury ftapds at in a detached barometer. Oa 
account of the inconvenience of including a barome« 
ter in a receiyery a tube of fix or eight inches lengdi 
is filled with mercuryi and inverted in the fame man^ 
ner as the barometer. This being include^ anfwers 
the fame purpofe, with no other diflFerence than that 
the ipercury does not begin to defcend till about 
three-fouixbs of the air is exhi^uftedi It is called 
the fhort barometer gage. Others place a tube, of 
a greater len^ than the barometer, with its lower 
end in a veflfd of mercury, while its upper end com- 
municates with the receiver. Here the mercury 
rifes as the exhauftion proceeds, and the preflure of 
the remaining air is (hewn by the difi^rence be^ 
twten its hqght and that of the batpmetcr. This 
is called the long barometer gage. ^ 

Thefe gages are not often conftfufltcd fo as to h 
anfwer the purpofe of fhewing the degree of ex- 
hau^on to a great degree. For the mercury, 
though at firil boiled, to clear it of the air and 
moifture that adhere to it, and render it ienfibly 
lighter, gradually becomes 9gam contaminated by 
expoiure to the air in the bafbn of either gag€v' 
They cannot therefore with ftridneis be compared 

wiA 
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with a good barometer b whith this docs h6f 
hsLppen. If the tubes of the jg^es be lels than 
half in inch in diameter^ the 'mercury will be 
fcnfibly repelled downwaixfc^ id ai so require a 
correS bn for the long gag^ when compared with 
a barometer, whofe tube is of a different bore, and 
to render the ihort gage ufeleis' ih great^^xhauP 
toons. Thus, for example, if the iholt gage have 

• • • 

a- tube of one-t^nth of an.tnch in dian^etei^; th« 
mercury will fall td the level of the bafon when 
die exhauflioh is 150 dmes, and will ftand below 
the level for all gi^ler degrees of rarefadion. 
Thcfe difficiities may all be removed, hy making 
the Ihort gage in the form of an inverted iyphon, 
withjotie leg' open, and the other Hermetically 
fealedw It muft be confcfled, however,- that it is 
not caly ta boil the mercury in thefcV and the me- 
thod of doing it with fuecefs cannot, with fofficient 
cpncifeneis, be defcrlbed here. 

Few air-pumps exhauft to fo great a degree as 
one thoufand times by the barometer gage; but the 
pear-gage in foiHe circumftances wiH indicate 'an 
cxhauftion of many thoufarid rimes. ' 

Several of the ufes of the air-pump haive already 
been mentioned. The weight of the. air is fhewn 
by exhaufting it out of a botde ( jo, x) and its 
prefliire is proved to be the caufc of the afccnt of 
the mercury in the barometer, becaiife in the va- 
cuum it is no longer fuftained. It will be proper 

to iubjoih a few more bftances. 

If 



AIIC-FUMr EXPERIMENTS* tO^ 

. If a fquarc bottle, in whofe neck is fixed a valve, L 
opening optwards^ be placed under the receiver, 
and the air exhaufted, the botde will be crufhed 
to pieces by the weight of the atmofphere when the 
air is permitted to return into the receiver. For 
the air is prevented from ^eiitering the botde by the 
valve, which,, before the exhauftion, fuftained the. 
preflure of die atmoiphere on its external furface, 
by means of the fpring of; the included air acting 
equally oa^ the internal furface; but in this expert** 
meat, being deprived of its internal air, it is in* 
capable of bearing the weight of the atmoiphere, 
which prefies it on all fides; If the bottle were 
round inftcad of iquare it would fuftain the prefliire^ 
notwithftanc^ng the exhaqftion, by reafon of its 
arched figure, that w<mld prevent its giving wa]^ 
ihMtards, ' ^ 

The quantity < of this prerffiire on a given fur^ce m 
is equal to the weight of a column of mercury, 
whole bafe is ^ the given iiirface, and whofe height 
is the height of the mcccary in the barometerl 
(32, b) .To exemplify aad prove this by the air- 
pump, it is ofual to inclofe in the receiver two 
brafs hemiffi^icie^,: as a atidB (fig. 149), that Ihiit 
together like a box, and at the place of jfhutring 
arc Hncd with Wetted leathfer. The air being 
cxhaufled from the receiver, efcapes likewife froni 
the cavity of the hcmifpheres, and when it is pdr* 
mitted again to enter the receiver, the hemifpheres 
are fo clofbly prefled together, that the air cannot 
enter at the place of junction: they adhere toge- 
ther 
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thcr therefore, with a force equal to the preflure 
of the atmofphere> which is greater or Itfk in pro* 
portion to the area of the circle at thfe place of 
junfbion. Thus, if the diameter of the circle where 
the hemifpheres are joined be four inches, the force 
required to feparate them muft exceed 230 lb. 
troy. 

Since bodies immerfed in fluids lofe parts p( 
their weights, which are equal to the weights of 
mal&s of the fluids refpe£tively equal in bulk to 
the bodies diemfelves (8, 2, a), it follows that 
bodies of difierent fpecific gravities, which are in 
cquilibrio in the air, will not remain fq in vacuo. 
For in vacuo each body, will re-acquire the weight 
they lofe while in the air, and the body, whofe bulk 
is greateft, will acquire the greateft wdght* Thus, 
if a piece of cork be in equilibrio with a piece of 
lead, when weighed by fine fcales in die air, the 
cork will preponderate in vacuo; the removal of 
the air adding proportionally more to its weight, as 
its bulk exceeds that of the lead. 
> The fpring of the air may likewife be (hewn m a 
variety of manners by the afliftance of the air* 
pump. Suppoie a fmall tube to be inferted through 
the cork of a bottle, half full of mercuryi fo that 
the communication between the air include^ in the 
tipper part of the bottle and the external air fliall 
be entirely cut off, the end of the tube being im- 
inerfed in the mercury. Let this apparatus be 
placed under the receiver, and the air exhaufted. 
The fpring of the included air then prefling on the 
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fiir&ce of the mercury, will force it into the tube, 
and fuftaiti it at the lame height nearly as it ftands 
in the barometer; for the fpring of the air is equal 
to its weight (i. 22j r)i and confequently produces 
an equal effeft: but on account of the imperfe£tion 
of the vatuum, and the expanfion of the lur in the 
bottle> by which its fpring is weakened^ die mer-;^ 
cury does not rile exadUy as high as it does in die 
barometer. 

If a half blown bladder be plaqed in the receiver^ p 
the included air will expand as the ^exhauftion 
proceeds* and will blow it up vusa to ^urfting. 
And if this bladder be inclofed in a box, whofe cover 
is loaded with weights fomewhat lefs than equal to 
that of the atmofphere^ the expanfion will raife the 
cover and fuftain the weights. Thus, if the blad- 
der be inclofed in a box of S inches diameter^ it 
will raife the cover, though loaded with upwards 
of 500 lb. troy (32^ b). 

The Ipring of the air included in the lat^r pores a. 
or veffels of bodies, is the foundation of a num- ' 
ber of pleafing and inltruftive experiments. Thus 
it is found, that wood is fpecifically lighter than 
water, only by reafon of the fpring of the air in« 
chided in its veffels, that prevents the water from 
entering: for when this air is extraded, and the 
[ water, by the admifiion of the external air into the 
receiver, is impelled into the veflels of the wood, 
it is always found to link to the bottom. 

The refraflive power of the air is alfo (hewn by r, 
the $ur-pump. For if the air be cxhaufled out of 
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a prifitiatic ^afe-vcflcl, the rays of Kght will not: 
pa(s ftmt through its fides^ but^ in paffing through 
the vacuum, will be defle6tcd according to the 
eftablifhed laws of optics. The proportions of the 
fines of the angles of incidence and refraAion, out 
of the vacuum into the air, are by this means 
found to.be as 100036 to 1 00000, which is ncariy 
the fame ratio as is deduced from the ,refra&ions 
of the heavenly bodies. 

s ^It is like wife proved by the air-pump, that the 
air is the -medium of found. A bell or fmall 
alarm clock, being rung in the exhauftcd receiver, 
gives no found, but if the air be. admitted, the 
ibund gradually becomes louder and louder, till the 
air in the receiver be of the fame denfity with that 
of the atmolphere, at wbiph time the found is no 
othcrwife weakened than on account of the receiver 
that covers the bell. 

T The rcfiftance of the air is exhibited in a ftrik- 
irig manner by the help of the air-pump; for, if a 
guinea and a feather be let fall together from the 
top of a tall cxhaufted receiver, they both arrive at 
the bottom at the fame'inftant. , 

u Among the very numerous inftances of the ufe* 
fulnefs of this inftrument, we fhall mention but two 
more; namdy> the difcovery of the abfolute necef- 
fity of air for the prefervation of life in moft ani- 
mals, and for the produftion and conlijnuance of 
flame. Moft animals, when included in the cx- 
haufted receiver, are obfcrved to die in about 
five minutes, though the time is various in different 
4 / fpeciesi 
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fpcdesi and they moftly recover again^ if the air be 
again admitted withoijt being withheld too long* 
A lighted candle placed under the receiver^ is ex« 
tinguifhed at (he beginnmg of the rare&flionj and 
the ihioke hovers about the top of the receiver; 
but when the air is ftifi more r^efied, it becomes 
|pecifica}ly h^^vier^ and fubfides to the bottomt 
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CONCERNING HEAT. 



V Every change that can' take place in bodies 
is cffe&id by means of motion. The bufinefi of 
natural philofophy is to invelligate the caufes of the 
feveral motions^ and the laws they follow. In niuny 
inilances thefe motions come under the inipedion of 
put* ieniesj but for the moft part they are perform- 
ed among the minute parts of bodies> and are only 
known by the eSk&s they produce. The foregobg 
part of this ivork has been chiefly confined to the 
explanation of the former kind of motibns^ which 
may be denoted by the general term mechanics* 
The latter, namely, the effedls produced by mo- 
tions among bodies too minute to afie£b the fenfes 
individually^ are the objeft of a fcience called 
chemiftry. 

V Heat is one of the moft important and general 
caufes of change in bodies. This term is .com- 
monly 



JHEAT. TEMPERATURf. H^ ' 

tnonly iiied to denote as well the ienfat^on caufeci 
by an increafe of temperature in the human body 
as the flate in which manitnate bodies a^e whea 
their temperature is increalcd. In the following 
pagesj however, it will not be rieceflarjr to attend td 
the fcnfation. The. word temperature will be ufed 
to denote the ftate of a given folid, fluid, or vapo- 
rous body, with refpedl to heat; and the word heat 
will be ufed to denote the caufe of that (late. 

A body is faid to be hot Or cold accordingly as W 
its temperature is ^bove or below a given ftihdaixj. 
The vulgar make ufc of the temperature of the 
human body as a ftandard for this piirpofe. But 
this is by no means accurate enoiigh for philofophi- 
cal purpofes, becaufe the fcnfations of no two per- 
Ibns agree, nor even thofc of the fame perfon at 
difierent times* 

The dimcnlions of a body are always inCreafed i 
with the temperature, fo long as die body retains 
the date of folidity, fluidity, or vapour, it happens 
to poffefs, and has fuffered no change either in the 
combination or quantity of its chemical principles; 
This is the chief, and, perhaps, the only gcfneral 
criterion by which the changes of temperature can 
be appreciated^ 

Bodies in contaft, or that conimuhidate with each V 
other, will all acquire one and the fame teitiperafure^ 
after a certain length of time, however different thci^ 
refpedtive original temperatures miy have been. 

There are two opinions concerning heat. Accord- t 
ing to one opinion, heat confifts in a vibratory mo- * 

Vol. II, .1 tion 
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tion of the parts of bodies among each Other, whofe 
greater or lefs intenfity occafions the increafe or 
diminution of temperature : according tp the other 
opinidk, heat is a fubtile fluid that eafily pervades 
the pores of all bodies, caufing them to expand by 
means of its elafticity, or otherwife. Each of thefe 
opinions is attended with its peculiar difficulties. The 
f)henomena of heat may be accounted for by either 
of them, provided certain fuppofitions be allowed 
to each refpedively ; but the want of proof of the 
truth of fuch fuppofitions renders it very difficult, 
if not impoffible, to decide, as yet, whether heat 
confifts merely in motion or in fome peculiar matter. 

A The word quantity applied to heat will therefore 
denote either motion or matter, according to die 
opinion made ufe ofi and may be ufed indefinitely 
without determining which, 

% Whatever heat may be, it is certainly lawful to 
affirm, that when the temperatures are the fame, 
the quantities of heat arc equal in equal bodies of 
the fame kind i thus, a pound of gold contains an 
equal quantity of heat with another pound of gold 
at the fame temperature, a pound of water contains 
an equal quantity of heat with another pound of 
water at the fame temperature, &c.' Hence it 
follows, that the quantity of heat in two pounds 
of a given fubftance is twice as much as is contained 

c in one pound at. the fame temperatures and unN 
verfally in homogenous bodies of the fame kindj 
the quantities of heat will be as the malTcs, provided 
the temperatures be the fame, 

7 If 
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If two bodies that differ only in temperature be d 
brought into contad, they will (113, y) acquire a 
common temperature, and the quantity of heat in 
each will be equal (114, b). It is therefore fcen, 5 
that the hotter body has imparted half its furplus 
of heat to the others and conlequently the quan- 
tity of heat in one of the two bodies will be an 
arithmetical meaa between the quantities originally 
contained in them. 

If two bodies of the fame kind that differ in r 
magnitude and temperature be brought into contad:, 
they will (113, y) acquire a common temperature^ 
and the quantity, of heat in each will be (i 14, c) 
in proportion to the mafles: that is to fay, the o 
quantity of heat which caufcd one of the two bodies* 
to be hotter than the other will be divided between 

r 

them in proportion to their maffes. 

. The quantities of heat required to be imparted to, h 
or fubdudied from, bodies of the fame kind, in or- 
der to bring their temperature to any given ftan- 
dard, will confcqucntly be as their maffes. 

On thefe confiderations it is that the thermo- i 
' meter is prcfumed to acquire the fame temperature 
as the body it touches. For the OMifs of the ther- ' 
mometer ought to be very fmall m proportion to 
that of the body it is applied to; in. which cafe the . 
quantity of heat it gives out or receives in the 
acquifition of the common temperature will be fo 
fmall as not fenfibly to affedt the body under con- 
fiderations fo that the common temperature may 

I 2 be 
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be taken inftcad of the original temperature required 

to be found* 
K The arithmetical mean temperature between two 
equal bodies of the fame kind, as determined by 
experiment (1x5, e) will caufe the mercury in a 
thermometer to ftand very nearly at an intermedi- 
ate equal diftance between the ftations it would 
have had at the original temperatures of the. two 
L bodies. The increments of expanfion in mercury " 
• are therefore very nearly as the quantiries of heat 
M that caufe them. AM the quantities of heat added 
to, or fubdufted from, a given body in contaft 
with a mercurial thermometer, will be expreffed 
by the number of degrees the thermometer riles or 
•falls. 
N , Thus far the tempcratur§ and heat of bodies of 
the fame kind have been chiefly confide red i but if 
, two equal bodies of different kinds and tempera- 
ture be brought into contaft, the common tempc- 
, rature will feldom, if ever, be the mean between 
the two original temperatures; that is to lay, the 
'. furplus of heat in the hotter body will be unequally 
divided between them, and the proportions of this 
furplus retaine^t by each* body will exprefs their re- 
Ipeflive difpofitions, affinides or capacities for heat. 
P If therefore a given Ibbftance, -as for example fluid 
water, be taken as the ftandard of comparifon, and 
its capacity for heat be called one, or unity, the 
refpedlive capaciries of other bodies may be deter- 
mined by experiment, and expreffed in numbers in 
the fame juanner as fpecific gravities ufually are. 

And 
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And becaufc it is eftabliflied as well fiiom reafon Q^ 
^ as experiment, that the fame capacity for heat ob- 
tains in all temperatures of a given body, fo long 
as its ftate of folidity, fluidity, or vapour, is not 
changed, it will follow, that the whole quantities 
of heat in equal bodies of a given temperature will 
be as thofe capaciries. And as the refpeftive quan- r 
tities of matter in bodies of equal volume give the . 
proportions of their fpecific gratifies, fo the refpec- 
tive quantities of heat in bodies of etjual weight and 
temperature give the proportion! of their ipccific . 
heats. 

A greater capacity for heat, or greater Ipecific s 
.heat in a given body, anfwers the fame purpofc 
with refpeft to temperature as an increafc of the 
mais; or (115, h) the quantity of heat required 
to be added or fubduded, in order to bring a body 
to a given temperature, will be as its capacity or 
Ipecific heat ( 1 1 7, r)* 

The capacities not only differ in various bodies, t 
but alfo in the fahie body, accordin^y as it is either 
in a folid, fluid, or vaporous ft:ato^ All the experi- 
ments hitherto made confpre to fliew, that the capa- x : 
city, and confequendy ||e fpedfic heat, is greateft 
in the vaporous, Icls in the . fluidi and leaft in the 
folid ftate. % 

The quantity of heat that conftitutes the difi^e- u 
lence' between the feveral ftates may be found in 
degrees of the thermometer. Thus, if equal quan^ 
tities of water at i6a^, and ice at 32^ of tempera* 
ture, be mixed; the ice melts, > and the common 

I 3 tempe- 
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temperati/irc becomes 32^; or othcrwifc, if equal 
quantities of frozen and of fluid water, both at the 
temperature of 32^, be placed in a like fituation 
to acquire heat from a fire, the water will become 
heated to 162^, while the ice melts, without acquir- 
ing any increafe of temperature. In either cafe the 
ice acquires 130"^ of heat, which produces no other 
cfFcft than rendering it fluid. Fluid water there- 
fore contains not only as much more heat than ice, 
^ is indicated Im^, the thermometer, but alfo 1 30^, 
that is in fome manner or other employed in giving 
it fluidity. And as fluid water cannot become ice 
without parting with 130^ of heat, befidcs what it 
had above 32° in its temperature; fo alfo fteam 
cannot become condenfed into water without im- 
parting much more heat to the matters it is cooled 
by than water at the fame temperature Would have 
dvone. 

y The heat employed in maintaining the fluid 
or vaporous form of a body, has been called 
latent h^at, bccaufe it does not aficfl the thermo- 
tneter, 

W From the confideratiflh of the fpecific heats of 
the fame body in the twofotes of folidity and flui- 
dit/, and the difference between thofe fpecific heats, 

. is deduced a method of finding the number of 
degrees which denote the temperature of any body 
immediately after congelation, reckoned from the 
natural zero, or abfolute privation of heat. The rul* 
is; multiply the degrees of heat required to reduce 
?ny folid to a fluid fl:ate by the number exprefling 

the 
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^e fpecific Ij^t of the fluid: divide this product 
by the diflfcrencc between the numbers expreffing 
the fpecific heat of the body in each ftates the quo- 
tient will be t^ number of degrees of temperature, 
reckoned froqji abfolute privation of heat*. 

To give an o^infiple of this curious rule, let it be r 
required to determine how many degrees of refrige- 
ration would abfolutely deprive ice of all its heaff 
The degrees of heat neceflary to melt ice arc 130, " 

_ * 

• This theorem is Dr." Irvine's, and jttv be proved thus ; 
let s reprefent the reqdredteiiu^eratureOTthe /body juft coii<- 
gealed, 1 = the number offlgraiPniat explefs the heat required 
to reduce it to fluidity, n =z the fpedfic heai||j^ the folid, and 
m = the fpecific heat of the 9uid. Then, s -f- 1 : s : : m : n* 

In 

Whence s zz' ■— the temperature frooo the natural zero 
m— n 

in thermometrical degrees of the fluid ( 1 1 7> u). But becaufe 
the aduat fall of the thermometer Is to be produced by cool- 
ing the folid, we mnft pay attention to its capacity (117, s). 
The quantity of heat required to produce a given change of 
temperature in a body is as its capacity, and confequently the 
changes of temperature, when the quantity of heat is given, 

ivill be iaverfely as the capacities : therefore n : m : : 
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— • = s. Which is the rule given in the tcttt. 
m— n 

If the data 1, m, and n, be accurately obtaine(L|| experiment 
A in any one inftance,*and the difference betwear the zero of» 
Fahrenheit's fcale Ip the natural zero be thence found in de- 
grees of that fcal% this difference will fcrr© to reduce all tem- 
peratures to the nuQ|^|fttion which commences at the natural 
0, . So that 8 being known in all cafes, if any two of the quan- 
^des k ni> or J>* be given ifi any body, thtf^her may be like^ 

s m— -8 n s n , s m«^l m 

wife had. forl= -. Andmrz- — •. Andn=: -—r-, 

m s — ^i s 

I. 4 and 
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and the fpecific heats of ice and wdKr are as 9 to 
lo. The number 130, multiplied by io> pro- 
duces 1300, and divided by the difference between 
9 and 10 quotes 1300: therefore if ice were cooled 
1300 degrees below 3 a®, or to — latS of Fahren- 
heit's fcale, it would retain no moib heat. 
z It is unneceflary to point out the many phyfical 
.^caufes that prevent either the produdion or men- 

furation of this ultimate degree of cold. 
A Experiments on heat may be made by mixing 
fluid bodies^ by placing ibetqi^ in a vafe^ whofe 
temperature^ volume> 4id ^cific heat or capacity 
are known i er by placing them in contaft with ice 

« 

at 3 2^ i in which laft cafe, 'the quantity of ice melted 
by a body hotter than 3 2^ will be in proportion to 
the quantity of abfolute heat that caiafes this dj0e* 
rence of temperature. 
B Much care is required to prevent occafional cir- 
cumftances from influencing the refults of thefe 
experiments. The maflcs, fpecific heats and tem- 
peratures of the veflel and thermompter made ufc ^ 
of^ as well as the temperature of the furrounding 
atmoiphere^ muft be attended to. ^ The- thcmio* 
meters jnuft-be very fenfible, and give the tern- ' '/ 
peraturc ||lBtentI)s of degrees. The temperature of 
the mixture tm& Ik taken in i||f ious parts of the If 
veflel) and its rate of cooling afcertained at diffe- 
rent periods, in order to infer|||^ common tempe- 
fature that would have taken place if the furplos 
pf heat could have been equally difiuied at the firfl; • 
fnftant of the, mixtuf^. Wiiea the melting of if c 

^ 
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is made ufe of, it is neccflary that the ice expofed 
to the contaft of the heated body fhould be de- 
fended from the aftion of the external air, by be- ' 
ing included in a veffel furrounded on all fides with 
other ice at 32^, and the temperature of the room 
ought not to be much colder than 32^, left the 
melted ice Ihould be again frozen, inftcad of run- 
ningunto the veflel prepared to receive it. 

The chief advantage. which the opinion that heat c 
is caufed by mere vibration pofleffes, is its great 
fimplicity. Jt is highly probable tliat all heated 
bodies have an inteftine motion or vibration of their 
parts; and it is certain that percuffion, fridlion, and 
other methods of agitating the minute parts o( bo- 
dies will lifccwife increafe their temperature. Why, 
then, it is demanded, fhould we multiply caufcs, by 
iuppofinglthe cxiftence of an unknown fluid, when 
the mere vibration of parts, which is known to 
obtain, n^y be applied to explain the phenomena? 
To this it is anfwered, that mere motion will not d 
^pply to the phenomena : for, among other fafts, 
water at 32^ contains more heat than ice at 72^, 
and CHight therefore to poflifs more vibration, yet it 
does not communicate more to the thermometer., A 
part of its motion muft confcquendy be latent or 
incomaiunitable, which is gn abfurdity. 

A happy explanation of the manner in which the z 
femperatyre pf a body is raifed by fridlion or percuf- 
fion, h^ been given * on the fuppofition that heat 
is niatterr If the parts of a body containing any 

^ * By llr. Kirwan, ^ 
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fluid be made to vtbratc ftrongly and irregularly, 
they will expel a part of the fluid out of the pores, 
provided the fluid be not fufliciently compreflfcd to 

* move in correfpondence with the vibrations. For 
in this cafe a vibrating particle may be confidered 
as if its dimenfions were encreafed, which is in 
cffcd: the fame thing as if the pores of the body 
were diminiflied. The capacity of the body will 
thus be diminiflied, and confequently its tempera- 
ture will be increafed (i 17, s). 

T / All the changes of temperature from the moft 
intenfe cold to the utmoft violence of ignition may 
be explained from the changes the capacities 
of bodies, and confequently their ipecific heats, 

G undergo in the feveral chemical proceflfes. For 
univcrfally, whedever the capacities of bodies are 
diminifhed, either by freezing or coffcnfation, 
(117, t) by fridlion or percuflion, (121, e) or by 
a change in the chemical ' combination, then the 

V temperature is increafed (117, s). And on the 
. contrary, the temperature is diminilhedj or bodies 
become cold whenever their capacities for heat are 
increafed. 

H Thus, in the folution of various faline bodies in 
water, cold is produced; becaufe, the capacity of 
the fait being increafed (117, t) by its becoming 
fluid, while the abfolute quantity of heat remains 
the fame, its temperature mufl: be diminilhed 
(117, s). Confequently, the common tempera- 
.ture of the melted fait and water muft b^lower 
than it would have been||f the fait had Om been 
difTolved (113, y),. 

For 
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For the fame reafon a mixture of fnow and fait, i 
applied at the dutfide of a vcffcl containing water, 
produces a degree of cold that congeals the water, 
^ or would caufe a thermometer to fall far bej^ond 
the freezing point. The fnow and fait are ren- 
dered fluid by tHlfr mutual aftion on each other; 
thc;ir cecities for heat are increafcd, their tempe- 
ratures confequently diminifhcd, and the water 
frozen by the lofs of the heat it imparts to pro- 
duce a common temperature. 

So likeivife, if a fmall gla(s veflel, containing k 
water, be conftantly wetted on the outfide with 
ethef , the quick evaporation of this laft fluid will 
' producp a degree of cold that will in a very fliort 
time freeze the included water. For the fpecific 
heat of the ether, when converted into vapor, is 
fo great, that its temperature becomes very low, 
and cools the water even below freezins:. 
4P'he inftances of cold produced by evaporation l 
are exceedingly numerous. From this caufc it is 
that water is commonly about two degrees colder 
than the furrounding air^ that damp clothes pro- 
duce fbch chilling eflfefts; that a wet hand, even 
though wetted with warm water, foon becomes 
colder than the other that remains dry, &c. &c 

The ipecific heat of atmofpherical air is found hi 
by experiment to be confiderably greater than that 
of air which is expired from the lungs of an animal. 
The air therefore undergoes a change in the lungs, 
^hich diminiflies its capacity and muft confequent- 
ly increafe its teroperacure. ' It is found alfo, that 

the 
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the capacity of blood for heat is ditnlnifhed in Its 
courie from tke arteries to the veins. From thefc 
caufes the temperature of the animal is continually 
increaftd. But the evaporation of perfpirablc mat- 
ter increafcs with the temperature, and. produces 
€old. The equilibrium of thdK adions appears to 
be the reafon why the temperature of any^^nc Ipe- 
cies of animal is nearly the £ime in all climates. 
Animus that have no lungs are of the fame tem- 
perature as the fiirrounding medium. In cold 
countries the effcdts of perfpiration, and the contaft 
of the circumambient air are rendered left by the 
clothing, as thick fur, hair, . &c. that envelope the 
native animals, and are from neccflity made ufe of 
by the human fpecies. 
N The fpecific heat of combuftlble matter is not 
confiderable; the fpecific heat of atmolpheric air is 
much greater than that of air which has ferved 
the purpofe of combuftion,* Suppofe now |||t 
by any means the temperature of a combuftible 
fubftance be raifed to fuch a degree as that the 
chemical proecfs, which changes th^ capacity of the 
air, may go on, the temperature of the air will 
be raifed in proportion as its capacity is dimi- 
niflied, its heat will be imparted to, and ftill more 
incrcafe the temperature • of the combuftible body. 
A very high degree of temperature will be pro- 
duc_ed, which Will be greater in proportion to the 
fpecific heat of the air, the quantity decompofed 
in a given time, and lefs in proportion to the &- 
cility with which it is abforbcd or condufted away 

by 
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by Other bodies. This procefs is called combuftion, 
vfhen it isxarried on with fuch rapidity as to caufe 
the body^'lo emit light, at which time it is faid to 
be ignited; and it will continue till the principles 
of the body arc fo changed or diffipated as that it 
can no longer make any change in the capacity of 
the furrounding air. 
"^hc friftion of one piece o£-Avood againfl: an- o 

^ other, m a turner's lathe, produces heat and flame. 

A nail may be hammered till it becomes red 
hot. When 'flint and fteel are ftruck together, 

" minute portions of the fteel are knocke4 oflF, in fo 

high a degree of heat, that they are adually burned, 
and upon extindion are* feen, ivith the magnifier, 
to confift moftly of hollow balls of a black or grey ifh 
metallic colour, and about the one hundredth of an 
inch in diameter. When the fun's rays are thrown, 
^ by a burning-glafs or mirror (1. 325, n), on any * 

Ht. IW:)ftancePthey exceedingly increafe its tempera- 
ture, *Aq(l produce the moft aftonilhing efiefts. 
In all thefc phenomena the temperature leems to 
be raifed, at Icaft in the beginning, by the dimi- 
nution of capacity, which is a confcquence of the 
agitation c^ the minute parts of bodies. 

When watWf or any fluid, is heated, the quan- p 
tity evaporate^ in a given time becomes greater, 
becaufe the heat which the greater capacity of 

If ileam demands is more readily fupplicd. The 

greater evaporation diminifhes the augmentation of 
temperature the fluid acquires, and at a certain pe^ 
riod entirely deftroys it. This period or tempera- 
ture. 
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ture, called the boiling point, is lower, the more 
cafily evaporable the fluid, and will vary in the 
fame fluid, accordingly as the evaporation is more 
or lefs cafily performed, Thu3 fpirit of wine boils • 
at 1 80^, water at 212*^, mercury .at 600, and 
other liquids at other points refpeftivcly, at which 
they acquire the greateft heat they are capable of 
fuftaining withoi|t being converted into vapor%i 
the open air of a mean denfity. But if the eva* 
poration be impeded, either by the fluid being in* 
eluded » in a clofed veflcl, or by the increafed pret 
fure of a dehfer acmofphere, the fluid will acquire 
a higher temperature; and,' on the contrary, if the 
atmofphere be light, or the fluid heated in vacuoi 
the boiling temperature will be lower*. 

• The theory of heat, as here explairj^d, is due to th^ 
immortal Dr. Black, and has been improved and illuflrated' ^ 
by Dr. A. Crawford, Dr. Irvine, Mr. Kir\W|||^ Profcilbr 
Wiljde, Mr. Watt, Mr.'Magellaa, &C4 . 
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c H A p. ir. . 

A DESCRIPTION OF THE METHODS OF APPLYING 
HEAT TO CHEMICAL PURPOSES. 

There are few fubftances. found in a natural q. 
ftate whbfe conftitucnt parts cannot be leparated 
from each other by the mfthods ufed in chemiftry. 
One of the principal methods confifts in altering 
the temperature of bodies. 

A great number of bodies are found to be r. 
capable of the folid, the fluid, and the vaporous 
or highly elaftic form, accordingly as they con- 
tain Icfe or more heat. The temperature at which 
fblids become fluid is exceedingly various in dif- 
ferent fubfl:ances, as is likewife the temperature at 
which the internal parts of fluids begin to take 
a yaporofMs form, and ,efcape with ebullition. 
The number of degrees of temperature compre- 
hended between thefe two points of freezing and 
boiling is not goveriHi by any relation yet dif- 
covered -between thefe phenomena and the other 
properties of bodies. Thus mercury freezes at 
49^ bel<W Oi\ and boils at 600^} the inter- 
val being 64^^ > water freezes at 32^, and boils 
at 212^, the interval beipg i8o^j fpirit of wine 
freezes at 52^ below o, and boils at 180^, the in- 
terval being 232^. It is probably that all bodies s 
whatfoever are capable of the three ftates of folidity, 

tidily, and vapors but that in many inftances 
the 
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the freezing or boiling points may lie at tempc- 
raturcs.not obtainable by any means in our power. 

T Bodies that aflume the vaporous ftate at a lower 
temperature are called volatile, when compared 
with fuch as require a greater degree of heat for 
the fame purpofe. Such bodies as either cannot. 
be made to rife in yapor, or require an intenfc. 
heat to raifc them, are called fixed, 

u It is eafy to conceive how the parts of bodies 
.may be feparated from each other by change of 
temperature. Thus, if foap be diflblved in fpirits 
of wine, and the temperature be rendered lower, the 
fbap will affume a concrete form, and be feparated 
long before the fluidity of the fpirits can be afFeft- 
' cd. Water mixed with Ipirits is converted into 
ice by cold, and feparated for -the fame reafon. 
Again, if a mixture of copper and lead be tx- 
pofcd to a heat gradually increafed, the lead will 
be* melted firft, and will run from the copper, 
leaving it la the form of a porous ma(s: or if 
brafe, which is a mixture a£ copper and 3, volatile 
femi- metal called zink, be expofed t6 a confi- 
durable heat, the zink affumes the vaporous ftate, 
and leaves the copper alone. So likeajfe quick- 
filver is feparated from gold, water from. clay, &c. 

V The purpofes of chemiftrj^ are in general much 
better anfwered by raid^g than * by lowering the 
temperature of bodies. The moft ufual method 
of heating bpdies is, to place them in communica- 
tion with others in a ftate of combuftion; that is 
to fay, place them near a fire. The veffels ai 
I furnad 
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furnaces made u(e of ire various, according to their 
jeveral applications. 

When fubftances of confiderable fixity are to be w 
expofed to htax, or when the volatile parts of bodies 
are propofed to be diffipated into the air, open 
veiTels are ufed. The common culinary utenfils 
of copper or iron anfwer thcfi^ intentions where the . 
matter to be operated upM will not corrode them, 
and the heat is not required to be very great, Glais 
veffels are the moft cleanly, and may be ufed in a 
great variety of procefles. They have the advan- 
tage of relifting the adtion of moft corroding mat- 
ters, a.re impermeable to air and vapor, and their 
tranfparency affords the valuable convenience of 
beholding the changes that happen within them. 
In higher degrees of heat, fufch as would foften 
or melt glafs, it is neceffary to ufc veffels of 
earth, or other matter. 

A mattras, is a kind of bottle fhaped moft com- x 
monly like . a .Florence flalk, though its figure is 
various, according to^e u(es it is intended to be 
applied to, fig. 150, lefferc. A cucurbit, isaveffcl 
nearly of the fame figure, but with ^ long neck,, 
fig. 1 50, l^r A. It is made either of metal, glals, or 
earthen -ware. A crucible, is a pot made ufe of 
for melting ' metal and other fimilar purpofes. It 
is made cither of platina*|. forged iron, black lead, 

or 



^ Mr. Achard's prpcefs for making^ crucibles of platina is 

as follows. Take equal quantities of platina, white arfenic 

I^L. II. K and 
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or caftb. A cupel^ is i 6iaUow cru(^)le^ mauSt of 
calcined boness and ufcd by afiaycrs. The htrgt 
crucibks of this kind^ ilfed by Fefkiers, arte called 

lefts. 

In moil operations where Ae VoIaCikr paits of 

bodies ar« propoTed to be (eparated and preferved, 

k is neceflary to ufe dofed vefllels. To the cucittixc 

Ai fig* 1 50, is adapted the head b, denoted by tiie> 

dotted line : from the head proceeds^ a tube diat 

communicates with the mattras c> which in this 

cafe is called the receiver. The head b is indoled 

withm a tub or vefTel, caMcd the refrigeratory. 

The whole apparatus thus diipofed is called aa 

a]pmbic or ftill. The matter to be operated oa 

is put into the ciicurbit a^ and the head fitted on: 

cold water is poured into the refriger^or; and die 

receiver adapted to the tube^ by means of an 

earthy pafte, called lute. The fire being then 

lightedj forces die volatile fumes into the head b, 

where diey become condcnfcd by the cold, and 

flow in ^a liquid form into the receiver c. Thk 

procels is called diftillation. 

Whoi diftillation is performed in the large way, 

a very large tub or veflel is fubftituted inilead of 

and fdk of tartar, and«xpofe diem to a ftrong beat, tSI tkty 
melt. TUt matter^ wdicn cooled, maft be reduced to powder» 
wkh which the mould of the vdTel intended to he formed 
maft be filled. A ftrong heat quickly mifed, ander a moffie, 
and ccntinoed for fome time, will again fufe themafs: ihc 
arfenic and fait of tartar will be forced oW, and the platina 
will be left alone in the form defired. , 

the 
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X\\t j^frigerator> and the vapors pafs through a' 
fpiral pipe called the worm. Thus fig. 151, a is 
the body of the ftHl> b the head, d the worm-- 
tub contafhing cold water, and the dotted lines re- 
prefent the pipe called the worm, terminating at 
n, where the condenfed vapors run out in a liquid 
form. 

But there are many matters required to bt di- a 
ftiHed that are not fulficiendy volatile to pafs into 
tiie receiver by either of thele methods. In fuch 
cafes the refrigerating part is omitted, and the 
cucurbit is made with its neck on one fide, as 
in fig. 15a. It is. then called a retort, and the' 
receiver is ufually luted to the neck. Moft of 
the experiments made in the fmall way may be 
performed with retorts, if attention be paid to ap- 
ply more or lefs heat, according to the volatility of 
tfie produfts expefted to come oven 

When volatile fubftances are raifed by heat in a b 
dry form, the procefs is called fublimation. If 
the fublimed mafs has a loofe powdery form, it is 
caOed flowers. ^ 3uch are the flowers of brimflone, 
of benjamin, &c. An ordinary cucurbit, or mat- 
tras, will ferve for the fublimation of fuch bodies 
as are not very volatile. When they arc more 
volatile^ the head b of the alembic is a proper 
receptacle, fig. 150, efpeciajly if moift prodods 
arife and are required to pafs at the famt time into 
the recdvci- c. In other cafes the receiver is riot 
annexed, and a number of heads are^fixed one 
above the other communicating by necks, the 

K ^ uppermoft 
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uppcrmoft one only being clofed at top. Many. 
fublimates are attached to the chimnies of furnaces^ 
among i?t^hich common foot is a familiar inftance. 

The conftruftion of furnaces is as various as th« 
purpofes they are defigned to ferve. A lamp, fup- 
ported at different diftances below any chemical 
veflcl> or burning with a variable number of wicks, 
is* very ufeful where low degrees of heat are in- 
tended to be applied. Chemical vcffels may be 
plunged to greater or lefs depths in a pot over the 
fire containing either water, mercuty, a mixture 
of mercury and lead, fand, iron filings, or other 
matter capable of fuftaining heat. Thcfe fob- 
ftances, interpofed between the v^flel and the fire, 
compofe what is called a bath, and arc of exccK 
lent ufe for imparting an uniform heat, not fubjcft 
to the fudden viciffitudes experienced by veflfels 
expofed to a naked fire. Without this contrivance 
glafs veflels would often fly or crack. Glals or 
earthen veflfels, intended to fufl:ain a greater heat 
than can be given by means of a bath, are ufually* 
coated with a mixture confifting chiefly of clay 
and fand. 

* The valuable metbod*ufed by Mr. Willis, of Wapping» 
to fecure or repair his retorts ufed in the didillatron of phof- 
phorus, deferves to be mentioned here. The retorts arc 
foieared with a folution of borax, to which fome flaked lime 
. has been added, and when dry, they are again fmeared wjtk 
a thin pafle of flaked lime and linfeed oil. This pafte being 
made fomewhat thicker, is applied with faccefs during the 
diHillation^'to mend fuch retoru as crack by the $re« 

- Fig. 
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Fig. 153, reprefents the wind-&rnace> or ^ir d 
melting furnace. In this feftion a denotes the afli- 
hole, B the grate, 9 a crucible placed on the grate, 
F a ftonc covering the upper part of the fire-place, 
G the fide-communication between the fire and the 
chimney Erf. d > is a cupel occafionally placed in^ 
the current of flame that ifTues from the fire. The 
fiiel and pots are introduced at the hole f. The 
efFefts of this furnace are eafily explained. Com- 
buftion,(i24, n) is ^more rapid and intenfc in 
proportion to the quantity of air fupplied and de- ' 
com^ofed. The prefTure of the atmofphere up- 
wards at B is greater than the prefTure of the co- 
lumn that afts downwards, becaufc the lower part 
of this lafl mentioned column confifls of a rarefied 
portion of air included in the cavity d c o e h. The 
lighter column will therefore afcend with a yelo* 
city fo much the greater as its rarefied part is 
longer and more rarefied. If therefore the fire be 
large, and the chimney high and fufficiently nar-- 
row for the air to pafs thrpugh before it is much 
cooled, a very powerful degree of heat will be pro- 
duced. 

. Fig. 154, reprefents the ' reverberatory furnace. £ 
By means of the dome b the flames are driven 
back, and made to play round the retort cj, and oc* 
cafionally the fiiel may be heaped round the re- 
tort, fo as nearly to fill the dome. 

There arc many other furnaces, for the making p 
of glafs, the foafling of ores, and extrafting their 
contents, the firing of pottery, and other nume*' 

K 3 ■ roua 
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rous purpofcs, ^ For the dclcription and ufc of thcfe, 
Urgcr trei^tifes mull be recurred to. The philofo- 
phical chcmift ipay in general perform his opera- 
tions without being under the abfolute neceffity of 
ufing furnaces conftru£ted on purpofe, or preparing 
sny large apparatus of veflcls. A tobacco-pipe 
is a very ufeful kind of crucible, with which 
many experiments may be w?U niade in 4 common 
fire, efpecially with the affiftance of a pair of dpu- 
blc bellows. Common chafing- difhes, fmall iron 
ftoves, or i;he larger kind of * black k^/i pots may 
be applied to purpofcs of the moft cxt^pfiye utility 
t>y an ingenious operator. Bottles of various 
fhapes, and other vcffelsi may be founcj W fom^ 
mon ufc well fiiited tQ the performance of chcmicaj 
experiments : fuch are apothecaries phials, Florence 
flafks, earthen pans, &c,' . 
5 ~ The blow-pipe is an inftrunient of great ufe in 
the chemical examination of mineral bodies. This 
may be procured in the (hops, and confifts of ^ 
tube of abgut ten inches long, formed as in the 
figure (figj 1^5). The aperture a is about a 
quarter of an inch in diameter, and is intended to 
t>e applied to the mouth in blowings the other 
aperture b is very fm^ll, fo that the wind iflues out 
in,a fine ftream. If now a candle be fnuffed, an4 
the wick turned a little on one fide, the flame may, 
\>y thi? llreaii^ of air, be dirp 6tcd upon any fmal| 

* The method of cpnftrcf^ing cheip and portable farnaces 
out'of black lead pots, if defcribed at large in << Lewis'^ 
ff |')^ilofo|)hical ^ommerce of Ar^« " 






bodjr> and is fiifficientty aftivc to produce every 
chaiige thai the ftrongeft furnace can effedi on lar- 
ger bodie9« 

The common btow-pipe is fbbjeft to two prtn* h 
cipal inconveniences; the firft is, that the motfture 
of the breath becomes condenfed in the tube, and 
occaiionally ipirting out of the aperture b» either 
checks the burning of the flame, or produces other 
difagreeable acci^nts; die other is, that the tper« 
ture B being invariable, can only be adapted to a ' 
flame of one particular m^nitude, whereas a lai^r 
flame requires a lai^r aperture^ The blow-pipe 
bed fuited to philofopbieal purpofes is provkled witb 
a ball c (fig. 156) in which the vapors are detained^ 
inftead of paffing through the aperture b ; and the 
piece B may be unlcrewed, and changed for anotherj, 
accordin^y as the aperture is required to be varied. 
If the aperture be not round and fmooth, the flame 
vUl be ragged and irregular. 

The body to be urged by tbi flame, direfted i 
and excited by a blow-pipe, ought not to exceed 
the fize of a graia of pepper. The beft fupporter 
to place it on is a fmooth dofe piece of charcoal^ 
^which anfwcrs perfcftly well for all matters that 
do not flnk into its pores, nor afe chahged by its 
inflammable principle. In fuch cafes as the char- 
coal cannot be ufed,^ it is ne^eflary to be provided 
with a final! ipoon, either of pure gold or pure 
filver, there being no other metal^ that admit of 
being worked with facility, but are changeable by 
heat. 

K 4 Th^ 
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The advantages attending experiments iftadc with' 
the blow-pipe are many. They.jnay be made in a 
very (hort time in any place, by an apparatus that 
admits of being carried in the pocket. The quan- 
tity required of any material is fo fmall, that they 
are performed at a very litde expence. And the 
whole proccfs, inftead of being carried on in ai\ 
opake crucible, is vifible from beginning to end. 
They are therefore of great utility in examining 
bodies where experiments in the large way cannot 
eafily or convcniendy be made, and where they, can, 
thefe fmall trials previoufly made are often of fervice 
to indicate the bcfl; way pf condufting them*. 

If the blow-pipe be ufed with the pure air, call- 
ed dephlogifticated air, obtained by diftillation 
from nitre, or other falts, it produces a greater 
degree of heat than can be obtained by any other 
method yet difcovered, unlefs we may except the 
heat in the focus of a few df the moft capital burn- 
ing lenfe. , 

The burning glafs or mirror is feldom ufed in* 
chemiftry, except pn fuch occafions as do not ddmit 
of the other methods of heating bodies. 

• The ufe of the blow-pipc is explained by GuHav ton 
Engeftrom, in. a treatife annexed to the Englifh edition of 
Cronftedt's Mineralogy, and alfo by Bfergman, in his Treatife 
de tubo ferruminatorio, in which the habitudes of a' great 
number of bodies in the fire, cither with or without addition, 
are given. The Englifli reader will find this excellent work 
at the end of CuHen's Tranflation of Bergman's Eflays. Lon- 
don. 1784* 
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CHAP. III. 

AN EXPJLANATION OF THE NATURE AND EFFECTS 
OF THE ELECTIVE ATTRACTION, OR CHEMICAL 
AFFINITY.' 

It has been fufficiendy (hewn in the former parts a 

of this Treatife; that the parts of bodies have a ten- 

< 

dency towards each other, which is generally de-? 

m 

noted by the word Attradion. Were it not for the 
cfFefts of this power, the motions of aU bodies 
would be performed in right lines (i. 21, p), 
and their parts would be feparatcd from each 6ther 
by the fmalleft impulfe. It is, in fad, impoffible 
to form a notion, how the univcrfe could fubfift in 
its prefent form without it. 

The firft rule of philofophizing (i. 6) leads us 1 
to enquire whether the various effeds of attraftion 
that take place in natural phenomena be confe- - 
quences of one and the fame principle, or, if more 
caufes than one fhould be concerned in producing 
them, how far the operation of each extends. If 
the attraftion of cohefion were the fame as gravita- 
tion, its power would follow the fame ratio of the 
diftan(ies of bodies from each other (i. 207), and 
would be (enfible at very confiderable intervals of 
fpacej but as it is perceived only at extremely c 
fmall diftances, and even gives place to repulfion 
when tjie interval is increafed (i. 47. z), it feems . 
ncceflary to confider it as a diftindt property of 

matter. 
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matterj 05 at kaftj as the effect of fbme other 
caufe. 

Whether the attradion of cohefion, or the power 
that refifts the reparation, by mechanical means, of 
the parts of folid bodies, be the fame as thoie 
atcra£tions which, on account of their being exerted 
more ftrongly between two given bodies, than 
between one of the two and a third of a different 
kind, are called .ek£tive attradions, or chemical 
affinides, has not beeii well decided. The enu- 
meration of a few fimple propofitions refpefting 
'attraflion, generally confidered, may tend much 
to elucidate this bufinefs. 

B As the attradion of gravitation is taken to be a 
general property of matter, ading according to the 
maffes of bodies (i. i8. i; a6, a), and we do not 
fuppofe a variety of attraftions, but of denfities, in 
j^ies that are varioufly heavy, fo ma/ one general 
property caufe the particles of bodies to adhere to- 
gether, though its intenfity, varying with the denfi* 
ty of thofe particles, may produce various efiefts. 

f Jn all the phenomena of attradtion^ the force is 
greater when the diftance is kfs: and it is clear> 
that particles pf the fame mafs and dendty nuiy have 
various figures, fome of which will admit of a. 
nearer approach of their centers, when their furfaces 

p are in coataft, than others. Such particles as by their 
figure C2^n admit of their centers coming nearer to* 
gether, will adhere more ftrongly on that account. 

fi Againft the truth of the pofition, that the attrac-* 

tions difplayed \a (he cohefion of bodies^ and in 

^ chemiciA 
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chemical operations, follow the dcnfity of the par- 
ticles, it is no objedion to fay, that the hardnefi 
and fpecific gravity of bodies are governed by no 
common law: .for the hardnefs, 9Ccor4i(;ig to this i 
do6trine, depends on the denfity, magnitude, and 
figure of the particles, and the fpecific gravity on 
the dcnfity of the pardcles, and the proportion be- 
tween their aggregate bulk and the bulk of the 
Ipace occupied by the pores of the bodies. And n 
as thel% attributes do n6t depend on each other, but 
may vary indefinitely, there is no neceflary relation 
between hardnefs and fpecific gravity. 

The adhefion pf Uke parts, by which a body is i 
formed of the fame kind as the parts themielves, is 
called aggregatibni but the adhefion of parts, not 

,q{ the fame kind as each other^ by which a body 
is formed, having properties difijbrent from thofo 
of the parts, is called combination. It does not m 
appear that combination is performed by any power 
different fi-om the attraction of cohefibn, by which 
aggregation is allowed to be produced i or, in othey 

. words, the attraction of cohefion^ and of chemical 
affinity, appear to be the lame power exercifed in. 
different circumftances. 

If a particle of matter be furrounded by others of y 
a certain kind in contact with it^ it may fliU 
attract and retain others, forming a lecond envelop* 
ing ftratum, and fo on, according to the force of 
attraction it exerts on fuch particles. But at a cer<^ 
fain period the accumulation will cea|e, on account 
gf (be attraction being inconfiderable beyond ^ 

^ limited 
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6 limited diftancc. At this period, if particles of a 
third difierent kind be prcfentcd, they may be 
attracted and retained by the central particle not- 
withftandigg, prqvided its attradtion to thefe laft 

T be ftronger than to the former: and accordingly, 
as theft laft arc more weakly or ftrongly attraftcd, 
they will either form an additional ftratum with- 
out, or will be urged inwards, fo as to dilplace 
the others by forcing them out of the Iphcre of 

Q^attraftion. The phenomena will likewife be diffe- 
rent in confcquence of the greater^ or lefi force of 
attraftion mutually exerted betWeen the particles of 
difierent kinds applied to the Central particle. 

It A particle, furrounded by as many of another 
kind as it can retain, may be conjidered as a fimple 
particle with refpeft to fuch particles of a third kind, 
as it can attrad and retain without difplacing the 
former. 

t Let a particle be fuppofed to be furrounded by 
as many of another kind as it can retain, and 
alfo by particles of a third kind, enveloping the 
former i let the attraftioq of the central parricle 
be fuppofed greater in like circumftances with re- > 
lpe6t to the external kind, than to the kind of par- 
ticles which are neareft to it, but ftrongqr on thefe 
laft, merely on account of their proximity; then, 
if the whole be hdated, the refpeftive diftances of 
all the particles will be increafed (113, x); this 
increafe, may augment the diftances of the nearer 
in a higher proportion than of the remote particles, 
and confequently caufe the attraftions of the central 
' particle 
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partick on each to approach nearer to equality, or 
even caufc attraftion on the external ftratqm to 
become greatefl; and again, the inner ftratum of 
particles having their interftices rendered larger, 
may admit the outer to pais through without impe* 
diment, and poileis the nearer, place : that is to fay, r 
heat may caufe changes of combination to take 
place that would not have obtained at a lovyer tem*^ 
perature; 

The fimpleft parts that enter into the compofi- w 
tion of bodies, namely, fuch parts as have not hi* 
therto been decompofcd by any method of analyfis, 
or obtained by the combination of other fimple 
bodies, are termed elements or firft principles. 

When a combination of two fij-ft principles enters v 
into the compofition of a body, by uniting with 
fome other principle or principles, this combination 
is termed a fccondary principle of the body it enters 
into (140, r). 

Thus, when foap is dilTolved in ardent Ipirit a 
combination is formed into which the foap though, 
not a fimple fubftance, enters as a fecondary princi- 
ple, and from which it may be again feparated» 
by proper methods, in its original form. 

When principles are combined in fuch proper- w 
tions as to form a compound that exhibits the lead: 
poffible any of the diftinguilhing properties of the 
principles, they are faid to be faturated with each 
other. If either principle exceed this proportion, 
it is faid to be imperfedlly or partially faturated, and 
the other is. faid to be fuperfattirated. 

For ~ 
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For eitampk^ if fpirit of laIt,-or the marine t/adf 
be added to fait of foda, or the marine alkali} the 
con:q)eund will ^exhibit acid properties, if the 
firfl: abound beyond a certain proportion; or if the 
latter predominate, die alkaline properties will pre^ 
vdl; but if each be in due quantity, the. Compound 
will be common culinary falt> neither acid nor 
sdkaline. 

. Mixture is the union of piinciplesi which remafti 
neverthelefs in conllderable mafles that adhere to 
each other rcfpeftivcly, ^either by reafbn of the 
fimilar principles having a greater attra€bion to 
each other than to the principles of another kind, 
or becaufe the heat of the mafs is not fiifHciently 
great (141, t) to caufe that change which would 
produce an intimate combination of the whole* 

Oil and water, when (haken together, do not 
combine but only mix, becaufe the parts of each 
reipe£kively attraA thofe of the fame kind more 
ftrongly than the other; fo likewife pot-aih and 
iand may be mixed without combining, but an 
increafe of temperature in the furnace of a jglafi* 
houfe will caufe theiki to unite, and form the com** 
bination called glafs. 

To produce a change in the combination of the 
parts of bodies, it is in general required that 
the temperature of the whole fhould be fiiif&ciently 
high to melt at lead one of the princif^s. 

When a fluid combines with another body witii'* 
out lofing its fluidity, this lafl: is iaid to be held 

^ _ in 



in ioktiotH or diiTolved^ and the fluid is called a 
klvcnt or menftruurm 

A mcnftruem faturatcd with one principle may, a 
notwithftandtng, take up another (139, k, o). 

Thus fait may be diflblved in water> and when if; 
IS faturacedj and will not z£t on falt^ it will diflbke 
fiigar. 

When a fluid that holds one or more principles • 
in fblution lets one fall upon the addition of fome 
new principle to which the combinadon has a 
greater affinity, the principle let fall is laid to be 
precipitated by the newly added principle, which is 
called the precipitant. 

Epfom fait cohlHts of magnefia, combined with 
the marine acid. If this fait be diflblvied in wacer^ 
and fak of tartar be added, the magnefia will fall to 
th€ bottom in the form of a white powder, and the 
ialt of tartar will combine with the acid. 

When two principles being united are fo fepa- c 
' rated on the addition of a third, that one of the ori- 
ginal principles quits the other, and forms a new 
combination with the third, the decompofition and 
new combination are.faid to be produced by fimple 
ajffiinitf. 

Common fait, as has been already obferved, is 
a combination of .the marine acid with the marine 
alkali. If oil of vitriol, or the vitriolic acid be 
added, die alkali will quit its acid to unite by 
ftronger affinity with the acid laft added, with 
which ic will form a new fait, called Gfauber's 

Ialt, 
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lalt> while the marine acid being difengag^d^ flies ' 
off in an elaftic form. 
D When two cpmpounds, confifting each of two 
' principles, are prefented to each othcrj and the 
combinations change the order of their principles, 
becaufe the attradions of one principle 6f the one 
to one principle of the other, and of the remaining 
' principle of the one to the remaining principle of 
the other, are, together, ftrdnger than the attrac- 
tions that tend to preferVe the original form, the 
two decompofitions, and two new combinadons, 
are faid to be produced 6y double affinity. 

Sal-ammoniac is compofed of the marine acid, 
combined with the volatile alkali, or fait com- 
monly ufed in fmelling botdes. If fal-ammpniac 
in powder be mi^ed with flaked lime, the marine 
acid unites with the lime, and the water of the 
/ lime joins with the voladle alkali, which rifes immc- 
diately in penetraring fumes. This mixture being 
haflily put into a retort, the water and volatile, 
alkali come over together, by the afliftance of a 
gentle heat, in the form of a Rungent fluid, called 
the cauflic volatile alkali, or, by apothecaries, fpirit 
of fal-ammoniac with quicklime. In this procefs it 
is not fimply the-attraftion of the marine acid to 
the quicklime, nor the attracElion of the water to thc^ 
alkali that occafions the double change of combi- 
nation, but it is the united force of both attraftions; 
for if dry hot quicklime, that is to fay, .quicklime 
contaioing no water, be made ufe ofL the fal- 

ammoniac 



ammoniac Is not decompofed^ the fiipple attraftion 
of the marine acid tp the quicklime not being fuffi- 
cient to overcome the attradlion of its component 
principles. 

There arc many more compounded effefts of the e 
mutual attractions of the parts of bodies in various 
circumft^ccs. To imel^ret thefe is no eafy tafk; 
for it requires an cxteiifive acquaintance with fads, 
a lively imagination^ quick and accurate habits of . 
roafoningi ahdj abovd all^ a mind free froilh preju- 
dice. 

Fluids b general diflblte a greater quantity of ^ 
any fubftance when the tfcm{Jerature is higher j but 
this is not univerfally tru^. The cauffe of the general 
{kO: feems to be^ that the fluidity of the matter in folu- 
tidn may be better maintained (128, v) at a higher 
temperature; that in pJartial folutiorii, where all the 
principles are ncft taken iJp, the heat, - by volatiliz- 
ing fome principles, may reiider the folution of the 
refldue mdre eafy: and the rtafbti why in fome 
cafds lefs'* is takcfh up by ^ fluid at a higher than 
% d lower tiniperattfre is, probably, that the> gene- 
ral efFcd <Dff heat being to oppofe (113, k) the . 
attraftions between bodies may operate more 
ftforigly than the other caufes here taken notice oC 
Bitt It is probable that none of the cafes wherein 
this cflfeflr feems iff take place are of a fimplfe niture. 

Chemical p-rocefles, ih which water is a princi- f 
pal agent, are faid to be performed in the moifl; 
w^y: thofe which are performed at high tempera- 
rtires, and wherein water is Htde, if at all, con- 
cerned, are feid to be performed in the dry way. 

Vox. II. . L CHA.P. 
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C H A P. IV. 

OF TH£ FIRST COMPONENT PRINCII^LES OF BODIES^ 
OR SUCH AS ARE THE MOST SIMPLE. 



H All bodies are parts, either of irtimal, vege- 
table/ or mineral fubftances. During the life of 
animal and .vegetable fubftahces, various proceiles^ 
both mechanical and chemical, are carried on 
within themi by means hitherto very impcrfedtly 
explained. The principles that enter into the com* 
pofition of thefe are far from be;ng fimple. As 
foon as their ftrufturc is, by violence or other- 
wife, fo impaired as to dcftroy life^ the arrange- 
ment of chenlical principles begins to change. De^ 
compofitions and new combinations take place 
among the folid as well as the fluid parts. Th6 
organization of the vei&ls is deflroyed^ and after 
a cei'tain tim^ the whole, as far as obfervatlon can 
follow the proceffes> returns to the general repo- 
fitory of minerals or unorganized matter, from 
which it originated^ and cannot again be diflinguifhed^ 

^ The fimpleft bodies are air, water, falts, earths* 
and/ infiammables. Many chemical philofophers 
of the firft eminencie are now buCied in difcovering 
or afcertaining the component parts of thefe i buc 
the limits of the prefent work, as well as its in- 
tcntioa, will not admit of entering, except occa* 

fiooally* 
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Eonally, into the confidcration cither of the fedbi 
or theories they have exhibited to. the World. 

Many fubftances may affumc the aeriaj form, K 
either from their difengagcment by ftronger affinity 
(14J, c), or by incre^fing their temperature. Air 
is diftinguifhed from trjanfparent vapor by its more 
permanent elafticity. It is probable that this dif- 
fcrence confifts in the greater aptitude of vapor 
for imparting its heat to other bodies, or com- 
bining with them* There are feveral kinds of air 
that lofe their elafticity and combine with water, 
if prcfented to theni ; and there are others that 
cannot be kept in an elaftic form for any length 
of timcj merely becaufe of their aptitude to com-* 
bine with cvtry fluid that has hitherto been uied 
to confine them. 

When m is clafTedi among fimple fubftances, no- l 
thing more is therefore to be underftood than that a 
variety of principles are obtainable in this forni, - 
much more fimple than it is probable they will 
ever be met with in any other. 

Water enters as a fimple fubftance into the h 
compofition of many bodies. There are no abfo- 
lutely unequivocal proofs of its having been chang- ' 
cd or dccompofed in any. chemical procefs. Yet if if 
inflammable air and pure air be burned together, 
\^ater is produced which is faid to be dqual in 
weight to the quantities of air made ufe oC 
Whence it is concluded, that water is compofcd 
of thofe airs combiped together in the heat of com- 
buftion (141 J t), during which aft, the latent hejsft 

L 2 (118, 
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(ii8> V. 124, n) that msuntaincd the aerial fomi 
is given out ♦ 

The pureft natural water is rainy coQeAed at a 
diftance from trees ov biHldings. For chemical 
purpofes, water ihouU: be diftiiled in glafi veflels, 
with a heat not fufHcient ta make it boil^ and no 
more than two- thirds of the whole quantity fhould 
be drawn off. The lighte&y deaceft, and oaoft 
taftelefs water, which ladlers well with ib^ is 
purer than fuch waters as are dleficient in dieie 
qualities. 

p Salts are fuch bodies as ape diflblvaUs fer the 

m, 

moft part in lefe than two' hundred^ times their 
weight of boiling water, and more- or lefr aScA 
die organ of tafte. They^ liquefy by heat^ which 
caufes them to evaporate, either in part op to- 
tally, . according to* die component parts- ef the 
&lt, and the intenfity of temperature. 

Q^ Simple falts are either acids: or alkalis* Com-> 
pound; falts^ are^ either combinations- of acid^ wilh 
alkalis, which are calted neutral fblcss of acidic 
vnth earth, call^ middle falts; of acid^ w4th me- 
tals, c^ed metallic falts^ or combinations of thefe 
with each other. 

R Earths are ta(tele& britde fubibtnces, differing^ 
fix)m. lalts by their le(s folubility in* water,^ the 
diftinguifhing limit being not fbunded-'in nature, 
but arbitrary* Water at a high temperature, as^ 
when confined in the ftrong metallic veflel called^ 
Pa{Hn's Digefler, wiU diflblve fome, and probably 
aU earths. The fubftances clafied under this- 
4 tide 
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tkk are not ibluble in tiit opeft air in lefs than 
between fix and feven hundroi times their wdg^ 
of boUing water. They are Mst fafceptible of the 
metallic luftre. In the fire they are fixed. A low 
heat does not alter their form or other properties^ 
and- fimple earths are not fb&bk alon[e> by the 
moft violent heat that art can piroduce. 

The well known GmpLt earths are five 5 calcarc- t 
ous earthj or pure quick-lime; ponderous earth; 
magnefias argillaceous earthy or pure clays and 
filiceous earth. Thefe earths have never yet been 
decompofed. Like all other limply fubftances, they 
are never found pure, but the methods ufed in chc* 
miftiy can eafily feparate them from the matters 
they may happen to be cither combined or mixed 
with. 

Late experiments have afcertained the exiflence 
of feveral other Earths -, which however are neither 
6} plentifi>lly diffiifed, nor hitherto fo well known 
as to require a place in this Elementary Trcatife, 
except by mere enumeration. Thefe are, the 
Earth of Adamantine Spar*; the Earth from the 
Jargon of Ceylon f , both difcovered by Klaproth ; 
the fiifible Earth from New South Wales, difco* 

vered by Wedgwood :ti> ^"^ ^^^ Earth from the 
Spar called the Strantionite, difcovered by Dr. 
Crawford ^» For their diftinftive charafters and 

s, 

* Aimales de Chimie, I. 183. 
+ Journal de Phiiique, for March 1790. 
f Phijofophical Tranfaftions for 1790. p. 306, 
' ^ Medical Communications^ Vol. 11, alfo Phil. Tranf. 17S4. 
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properties, the reader muft recur to the authoriti^i 
quoted below. ^ 

Every change produced in bodies is evidently the 
confequertce of motions among their parts. When 
thefe motions are diftinguifliable by the fenfcs, the 
^St&s arc called mechanical ; in ' moft other cafes 
they clafs with chemical proccflcs. One of the 
moft ftriking and obvious means of producing the 
latter change in bodies, confifts in altering their 
temperature'. The means of doing this has been 
explained in the chapter * upon heat. Whenever 
the temperature of bodies is raifed fo as to render 
them luminous, a remarkable difference is feen in 
their habitudes when left to themfclves. Some 
of thefe ignited bodies gradually become cooled 
down to the temperature of the furrounding air, 
without having undergone any notable change. 
Others, on the cfontrary, provided reipirablc air 
be prefent, not only retain their luminous ftatc 
and temperature, but become hotter, are internally 
agitated as to their parts, and do not return to 
the common temperature until a complicated che- 
mical procefs has been efFedlcd to the entire dc- 
ftruftion of the original form and moft of the 
properties of the body icfelf. This procefs is 
diftinguiJhed by the name of combuftiqn, and 
the body thus changed is faid to have been 
burned. It is evident that all bodies whatever may 
be clafled either as eombuftible or incombuftible ; 
and it is equally clear that the doftrine of combuf- 
tion muft conftitutc a large part of chemical fciencc. 
■ Whenever^ 
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Whenever we difcern an eminent property in 
inny fubftance fubmittcd to our obfervadon> . wc 
either commit the fa<ft to memory, 'to be applied 
m our future reafonings, or eUe we deduce its cxift- 
lence from fome former fa6t fuppofed to have been 
<ftabli(hed in the fame manner. Thus in the in- 
stance before us, philolbphers, after coHefting as 
much information refpefting combuftion as they 
could, were formerly content tp rank combufti- 
^ility among the properties of a few bodies, fuch 
as oils, fulphurs, and bitumens; and accounted 
for the combullibility of other matters by fup- 
j)ofi|ig them to contain more or lefs of thefe in- 
gredients. This doftrine was rendered mbre ge- 
neral by the celebrated chemills Beccher and Stahl, 
and their numerous followers. Their theory is well 
known by the name of the Do&rine of Phlogifton« 
Recording to the moft modern arrangement of this 
theory, a body or chemical principle eminently or 
rather folely eombuftible, always identical, capable of 
pafling from one combination to another, but never 
yet exhibited in a diftinft ftate, is the caufe of 
combuftibility in all bodies which contain it. It 
has been afcertained by our cotemporaries that 
<x>mbuftion does not take place but when rejpirable 
air is prefent, and that this air is ablbrbed and en- 
|:ers into combination with the body during its com- 
buftion. The phlogiftian philofoph^rs haye been 
impelled by this fedfc to modify their theory, and to 
^rm cither that the phlogifton itfelf unites widi the 
^r^ and forms a compound which, according tocir«* 

L 4 cumftance^ 
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cumftaocesj unic^ with the refidue or 0ies q£ ^or 
elfe that the air itfelC unites wUb the refid^ matter, 
while the . phlogifton er<p^es. The iocreaie of 
texnpemure which takes pl^ce during ccuxJiuftion^ 
h in every theory accounted for from, the confi- 
deration of the changes of capacitjr that take pbce 
during the procefs» and more efpecially it is afcer^ 
tained ^om experiment a^d inference th^ the air ia 
condensation gives out 4 large (quantity of heat* 

A refpedbble number of modern chemiils ha^v^. 
^together rcje£ted this modification of the ancveqt 
do^ine of fulphurs and oils. As it is eviden|Jjr op^ 
^dvanc^ in thepry ix> fay 9 body is combuftible be- 
caufe it contains fulphur or phlogiftop^ which a^e^ 
^Ifo laid to be combuftible> it will foUqw th^ our 
enquiries ought to. be direfted to die events which 
take place with thefe laft l?odies, or at k^ft with 
fuch as can be unequivocally fubroij;ted to obfcr^ 
vation. In all fuch clear and unexeeptioQable cafcs; 
the (^&s are fimply, that the combuftible body an4 
refpirable air are brought into contaftj; that thp 
temperature of the body is raifed by comniunic^riQx\ 
. or by other means ; that a? the requifitc elevadoq 
of temperature the relpirable air begins to unite 
with the. body itfelf, at the fame time that heac 
and light are developed ; that thjis ptocels goes' 
6n until the whole of the re^irable air isabjforbed, 
or until the body is faturated with that principle 5 
and that the new produdt is in all cafes which ^mit 
of weight or menfuration equal to the weight of the 
air which bas cjifappeared, added to ;hat of die 

body 
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body wluch was fqtje<9:^d to combuftion, \ The 
eKperiments from ^ieh tb^fe fa€ts are deduced 
are the coxhbi^ftion of phofphoriis with vital air in 
a clofed ve0el, and the calcination or combuftion 
of mercury and other metajUiq bodiesj for which 
the writiiags qf X^voifier and the notes of the 
academicians upon I^irwan's phlo^flon> may be 
confulted. The preceding circumftances do not 
appear to teach us any thbg further than that 
lefpirahle air and a combuftible body have united^ 
9Ad that light and heat have appeared. Reje6l- < 
ing therefore at pxei^nt the confideraidon of the 
light 2LiiA heat> which, if they be diftind: fubftanceSj 
can icarcely be ^lajifed among principles of den- 
iity fu^cient to be weighed or meafured^ it may 
be in^rredthat combuftion confifts in> or at leaft 
foUow^, whenever there b a rapid union of vital 
air with any other body. This is the pneu- 
matic or antiphlogifton dofbrine^ which though 
not firmly eftabliflied in all its parts,* yet being 
much more fimply and diftinftly deduced from di- 
rc<% obfervation than the doctrine of Stahl, is like- 
ly to be tmiverfally received as foon as the habits 
qf philc^ophizing according to the dd theory fhall 
have been eradicated! 

The fimpleft inflammable fubftances are, In- 
flammable air, diamond, plumbago, fulphurs, 
and metals. More compounded inflammable mat- 
per arc, h^>atic air, ipirits, ether, oils, bimmens> 
(COal, and generally all animal and vegetable fub- 
Ranees u) their natural Ilate, 

When 
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w When a metal is fubjefted to cbmbuftion or any 
other equivalent proccfs, it bfes its malleability^ 
aflumes many of the properties of an earth, and no 
longer exhibits the luftre peculiar to this clals of 
bodies. In this ftate it is called a calx, and forms 
combinations with faline fubftances. When the 
metallic ftate is reftofed to a metallic calx, the me- 
tal is faid to be revived* 

Every fubftance, which paffes from a fluid to 
a folid ftate, appears to have its parts arranged 
•in a fymmetrical ordpr, that extends to a greater 
/ or lefs number of particles, accordingly as the 
influence of external circumftances, or the rapi- 
dity with which the change of ftate is performed 
are concerned in the procefs. Thus we fee that 
moft minerals j faline combinations, whether ob- 
tained ,by folution or fublimation; and metab, 
if fufFcred to cool flawly, have their peculiar 
forms, though in fomCmore evident and diftin- 
guilhable than in others. . This property, called 
cryftallization, is by fome diftinguilhed into two 
kinds; the one made in a menftruurri, as fait cry- 
ftalliz^s in water, and the other by mere cooling, 
as when y^^tct; freezes alone, Thofe who affirm 
' that heat is matter, imagine it to be the medium 
in which thi$ l^ft qryftallizatiop is performed. 

^t would be of fin^ular advantage in mineralogy, v 
and every other fcience related to chemiftry, if the 
external appearance and figure of bodies could 
he applied to the purpofe of knowing what clafs 
they belong to. This is indeed do;^e with fome 

fuccefs^ 
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il^<:els, by fuch as have opportunities of examine 
ing many fpecimcns ; but .no concife general rules 
have yet been- eftabliftied, on account of the ex- 
ceedingly great number of exceptions that arife 
from circumftances, or differences in the com- 
pound, either too minute for the chemical ana- 
lyfis to afccrtain, or apparently too infignificant 
to excite the attention of the obferver. 



C H A R V. 

THE METHOD OF MAKING EXPERIMENTS ON YA-* 

RIOUS KINDS OF AIR. 

Experiments to be made with the various kinds u 
of air require an apparatus of veflcls proper for 
confining it. The chief are thofe we are about to 
dcfcribe. 

Fig. 157, A, is a tub for containing water. In w 
this tub is fixed a fhelf k, k, fo placed that it 
may be about an inch below the furfece of the 
' water, when the tub is, nearly full, b and f arc 
cylindrical glafs jars. c is a bottle, into the 
neck of which the bent tube d is fitted, by grind* 
ing. Suppoic now that the veflel b be plunged 
in the water, fo as to be filled, and afterwards raif* 
cd, with its mouth downwards, and placed on the 
Ihelf K, it will continue full of water on the prin- 
ciple of the barometer : if its rim be made to ovcr- 
|iang the edge of the f^lf, it will be eafy to in- 
troduce •. 
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troduCe the end of the tube d beneath it; and 
if the ve0el c contain fuch matters as by their 
action on each other jfurnifli air> the air will pafi 
through the tube d, and rife to the top of b, expel- 
ling nK>re or lefs of the water. A candle may: be 
applied beneath c in cafes where heat is wanted* 

£ is a fmall retort^ fuppofed to contain materials 
that afford air to the vcflfel f. ' 

Air may be transferred from one yeflfcl to an- 
other by the help of a glafs-funnel under water. 
Thus the vefTel o being fuppofed to be previoufly 
filled with water, and placed on the fhel^ over a 
hole in which the funnel h is (luck, the air may 
be poured out of the veffel i through the funnel 
into o. 

Many kinds of air combine with water, and 
therefore require to be treated in an apparatus ia 
which quickfilver is made ufe o£ This fluid being 
very ponderous, and of confiderable price ; motives 
both ,of convenience and oeconomy, require that 
the apparatus fhoukl be made fmaller than when 
watef is ufed* 

Where the change of dimenfionsthat follows 
from the mixture of different kinds of air is requir* 
csd to be afcertained, a graduated tube. (fig. 158) 
is matde uie of. And becaufc die falubrity df com-> 
xnofl air is fgpix)fed to be detierminable by this 
means, fuch a tube is called an eudiometer tube^ 
There are apparatus of a lefs fimple qonftruAion, 
which are intended to anfwer the fame purpoie^ and 
are called eudiometers^ 

Fig. 
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Fig. 159 is a glais^apparatus for impregnating b 
water with fixed air. It confifts of three vefTels. The 
lower veflel c has an orifice or neck d, with a ground- 
ftopper s the vefTel b is fitted by grinding, into the 
nedk h of the velTel d. At e is a glais-cock i and 
in the lower neck of the middle reiiel b is a Talve» 
opening upwards. I'^his valve is compofed of two 
tubes of glafs^ with a moveable plano-convex IcM 
between^ as reprefented in fig. i6o. Tbe upper 
veflel A is fitted, by grinding, into the neck i of 
the vefTel b. It terminates beloWj in a tubobr 
form Gj and is clofed at top by the ftopper f* 'The 
procefs is thus conducted. Pieces either of marble 
or clmlk are put into the lower veflel c, and watef 
poured thereon; the vefTel b is then filled witli^ 
water, and placed on; c, by inferting its lower part 
in the neck Hr The empty vefTel a is placed in like 
manner on jb, its ftopper f being in its phsee. L^« 
ly» a faiall quantity of oil of vitriol 16 poured int(> 
the orifice d, which is then clofed. The vitriolic c 
acid combines with the earthy pare of the marble or 
chalkj and difcn^ges the fixed air that entered into 
its combination, which, of courfe, pafTes through^ 
the valve at h, to the upper part of the veflcl b. The 
difplaced water being prevented fro;n defcendbg by 
die valve> is forced up through the tube o into the 
veiTd A ; at the fame time that the comnfK)n air in> 
dus laft veflel is pardy condenfed, and partly efcape^ 
by lifting the flopper f> which is ground conical^ to 
prevent its flicking. When the water in a has de- 
icended as low as the orifice of c, the fixed air pafib 

up 
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up through the tube in (lead of water, and expels the 
comition air from the upper part of a. Both fur- 
feces of the water being thus expofcd to the fixfcd 
air, this fluid gradually abforbed, gives the water 
that lively fubacid tafte, which is the diftinguifhing 
charafter of the Pyrmont water. 

Thofe who are not provided v/i£h the apparatus 
here defcribcd, may fupply its place by the help of 
utenfils that are every where to be met with, a 
(fig* 161) is a half-pint phial; b a bladder, whofc 
neck, is tied round a cork that fits the mouth of a, 
and has a hole made through it with a heated wirl*. 
The fame bladder is feen at d, with a bent tube e 
ftuck in the hole of the cork. In the phial a is 
chalk,' with water acidulated with oil of vitriol. The 
fixed air that rifes is received in the bladder, prevr- 
oufly moiftened. While the bladder 4s filling, a 
quart bottle c, full of water, is to be .inverted into 
the bafon f, which likewife containing a little water, 
prevents the common air from rifing into c. A& 

- foon as the bladder is filled it is taken from the 
phial A. The tube e is inferted, and its orifice 
carefully placed under the moiith. of the quart bottle 
c, as in the figure. The bladder being then prcffed, 
the fixed air afccnds to the upper part of c at the 
feme time that an equal bulk of water defcends into 
the bafon. By agitating the bottle c, without with- 
drawing its neck from the water, the fixed air be- 
comes abforbed in a few feconds, and the water 
reafcends. This procefs being repeated two or three 
^ . ^ times, 
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times, the water becomes faturatcd, as appears by 
the fixed air being no longer abforbed. 

Though this method poffeffes the advantage of e 
convenience, to fuch- as cannot ufc the other, yet it 
does not produce fo ftrong an impregnation ; partly, 
becaufe the water takes up more fixed air when con- 
denied by preffure, and partly, becaufe in this lafl: 
method the water in the bafon bebg expofed to the 
atmofphere, gives out a portion of the fixed air 
It contains. 



C H A P. VI. 

tONCERNING WATER, ACIDS, AND ALKALIS.. 

IThe properties of water have been lb often ad- f 
Verted to in the former parts of this Treatife, that 
it is the lefs neceflary to treat them difFufively 
in this place. Water in freezing ufually aflumcs 
afymmetrical form, which is that of needles crof- 
ling each other at angles of 60"^ or 120^. This 
Arrangement of the parts occafions the ma(s to oc- 
Cupy confiderably more fpace than before, and 
the expanflon, which is performed almoft inftantly, 
is efFefted with fuch prodigious force, that no 
veffei has yet been ufed that can withftand it. , 
Bomb-lhells and gun-barrels have been broken 
by freezing water in them. 

From thi? expanfion it is, that ice is ipecifically g 

lefs 
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Icfe heavy than water, and confcqucntly floats upon 
its fur&ce. 

It is equally difficult to afceitain any limit* to the 
force with which water in a ftatc of vapour ttiay be 
expanded by heat. 

Water is fo uniterikl a folirditi ind tnttts itito Co 
many chemical proceflcs^ that moft philofophers 
overlook its agency, in the cortfideration of fifts 
it is concerned in: and to this circumftartce it is, 
perfiaps, chiefly owing, that its compofteiit pirt^ 
have hitherto been undifcovered. 

Acids are falts, which are four to the tafte. 
They convert the blue colour Xif ^iii£t:ure-Qf helio^ 
tropium * to a red, and caufe an ebullidon or 
efcape of air, if applied to chalk or mild alkalis. 
The affinity of the purer acids for water is fuch, 
that for the moft part they c«inot be obtained in a 
concrete ftate ; and their adion on other fubftances 
is fo general, that they are never found pure, but 
require the affiftance of art to render them fo. 

The acids found in the mineral kingdom are, the 
aerial acid or fixed air * the vitriolic acid/ known in 
commerce by the name of oil of vitriol ; the nitrous 
acid, called (pint of nitre ;^ the marine acid, called 
Ipirit of lalt ; the acid of fpar, or iparry acid j the 
acid of borax, called fedadve fait; the fuceinous 
acid, or acid of amber; the phofphoric acid; the 
add of molybdena; the acid of arfenic, and the acid 
of tungften or wolfram. 

• -Called litmus by the dyer*. 

The 
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tht vegetable kingdom affords itaany acid^ : m 
tbofe tshkh have been examined chemicaily are 
vinegar> the acids of tartar^ of fugar^ of forrel^ 
of lembnsi and of benjamin. * 

The acids peculiar to the animal kingdom are n 
the acids of rnilk^ of fugar of mUk> of ants» of tal- 
' low and of pmfiian bluel 

Vegetable and aniitial s^dds are fi> far ^om being o 
fimple, di^t many of them are refolvablc into air 
by the ppocofs of diftiHation^ The aerial and the 
pho^pric acids, thou^ enumemted m the mineral 
kingdom, are aUb obtained ih great quantities^ botb • 
firom atymal and vegetable matters^ 

Modem ^hemiftry has dtfcovered many acids, ^ 
^ and there is good reafon to expe£k that their com- 
ponent parts will be difclofed by the labours of our 
totemporaries ; but the alkaline falts ftill remain no 
more than three in nimiber, and have not hitherto 
been treated in any method that promifes a fatisfac* 
tory andyfls. They have a peculiar cai^c^ urinous 
tafte, and convert the blue colour of the tincture of 
heliotropium to a green. 

The vegetable fixed alkali, impure famples of q^ 
which are met with in commerce, under the names 
of fait of tartar, pot-alh, pearKalh, &c* is moft 
plentifully obtained from vegetable fubftances. 

The mineral fixed alkali is met wichxin an im- r 
pyre ftate, in commerce, under the names of kelp, 
barilla, foda, of fait of foda; It is found ia the 
earth, either pure or in combination with other 
matters. The fea contains immenfe quantities of 
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it, where it is i one of the conftituent parts of com- 
mon fait, ^nd it is the moft profitably obtained 
from vegetables that contain fea-falt. 

s The volatile alkali is fold by the apothecaries 

. under the name of fmelUng falts, or fal-voladle, 
in which ftate it is combined with a large portion 
c( aerial acid. It is moft plentifiiUy obtained from 

^ animal fubftances* being combined in them with 
other principles. The proceis of putrefadion 
throws it oflF into the air, together with other 
Volatile matter that vitiate, and olten diiguife its 
imell, 

T Alkalis, combined with the aerial acid, are faid 
to be mild $ when they are di vefted of every acid 
they are caHed cauftic. 
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CHAP. ^Vlt 

¥HB properties of simple or PRIMITlVit 

SA|ITHS» ' 

Calcareous earth e^ifts in a fcOhlidcfabljr piirfc V 
ftate in common quicklime. If pounded chalk bfe 
ieverd times boiled in diftilled water to feparate 
by folution fuch marine matters ^ may be fourld in 
it> the remainder will confift almoft entirely of cal-^ 
careous earthy united to about an equal weight 
of' fixed air, or aerial acid. If diftilled vinegar 
be added to this powder, it will form a falliie com- 
bination with the earth only, at the fame time that 
the fixed air, afTuming an elaflic form, flies oE 
To this folution, decanted from the impurities, mild 
volatile alkali being julded, the alkali will unite with 
the vinegar, while the calcareous earth combines 
with the fixed air of the alkali, and &His to the bot^ 
torn. This powder^ well wafhed and dried. Is pure 
chalk, or calcareous earth united with flttd aif«. 
This laft may be driven off by fire> and will leave 
the pure calcareous earth difcngagedr 

Calcareous earth requires about fut hujftlred and 2 
eighty times its weight of water to dii&lVe it at the 
temperatui^e of S6^i to which it gives a pufigent 
tafte. This watir, called lime-Water, acquires a 
white cruft on the forfice, by expofure to the 
atmofphere, which breaks atid &lls to the bottonx, 
another cilift forming foon af^ef, and fo on tiU the 

Ma whole 
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whole of the lime is precipitated The precipitate 
is chalk) or mild calcareous earth; whenee the pro- 
cefs may be eafity explained For chalk is fcarcety, 
if at all) Ibluble in water : and the lime contdncd 
in the water being converted into chalky by the 
acceflion of fixed air from the atmoiphere^ becomes 
an infolubk cruli) that ^lls at iittervalss as its 
quantity becomes too great to be iiipported ac the 
fur&ce. 

' This earth is foUible in all acids. It is iofiiible 
in every degree of heat yet obtained excepc that 
of the &mous lens of Parker, in Lofidon^ wiuch 
produced a flight bqg^ing of Miotu Ytt k 
will miek in a mose 0K)dexate beat, if mixed widi 
other eacthS) of. which k then appears t(» be the 
flux or £>lvent 

The ipedmens of c^careous esirtb are very 
fliany. Lime-Aone, chalky ffiany kinds of mar- 
ble^ and aknQft every one of the ouoHsroiAs vaiie- 
ties of fpac% mvdbiether ttu^ipuofit qk opake> confift 
,o( this earth combined cither wiih t^ ^eri^ a* 
fome other acid Af rated caJcareoMs eiartb 911^ 
Jbe kii0W9 <to pj»dQaitn9(e ix^ mf mi»f»h ffht^ it 
froths on the aff^cadon of ^ ji^ 

Ten:a poadecofQi^. or |>QQdQroii^. AV#b W )not 
m,et wit}i in ^b;ijK^)d2^ce. "phe gopnn^pe^A^ 
xnens are the pondotpus fp^, or niariwf Wl¥#r 
cum^ fo called from its gro^ weight, iseft knpwa 
to oyr Englifh .njiners by die. i>ame of cs^^- 
It b met widi ppake, wMte, ^y or,ycllowifli^ j^ifhtf 
ir-regularly ihaped> or in a fii^;ul9i: i^acq^ reiem- 

bling 



blitig conycx knfts^ fee edgewife into die mafk 
it adhere$ to. The traiil|)arenc fpecimeiis are pr^ 
xnfcal> . and of confidence hpivdnds. AU dielb: 
coniift of ponderous eaixki C9p4>iiied with the yi«^ 
triolic^qy. 

Ponderous earcb> coiail>in^ with tho^ aerial add^ o 
has been ioun4 in I^A^o^ire^ and dfofrheiVr It 
refembles ahKi), but is of a fixiatipi textnre^ andl 
i^ ipecific gravity is 4>33 1« 

If the poaderoua Q)af> or pondeixn^ eaitch comh i 
bixjLied with the vitriolic aeidf be ex{3pied.iD a ftnong. 
ned heat^ for about two bourse mtb near twke 
its weight of fixed alkaji, the sicid (|\ms die cank 
to combine with this laft> forming a neiKral fatts 
^hich may be wafhed aws^^ sMid kave^ tb^ earth, 
combined with fixe4 air and water. The fixcdj 
air may be expeUed by heat. 

Pure ponderoqs earth, thus obt^nedj is fi^ubk F 
in about nine hundred times its weight of water*, 
This water refcmbjes licne-wal^r in tt^e, and de-. 
ppfits its earthy by e:^fure tp this air, ip the fame 
manner; 

The propcrdes of ponderous and calcareous .0 
earth agree in many refpeds; but in Qtbiers th^ 
differ fo much, as cleirHf to ibew limt Jlh^- ar6 
not one and the fame earth,'' as has boen fuf* 
pcfted*# 

* See Bergman*8 Works, Kirwan's Mineralogy* and Witb* 
tringon the terra ponderofa aerata* in Phil. Tranf, for 1784. 
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H , fJhgfunRz, or magnefian earthy enters into the 
compofitiofi of feme cardiy fubftances, die chief 
of which are. fleadcesj ibap-rock, French chalk» 
aihtftos, and talk. It is in the fea-water tn great 
quanddesy combined either with the marine or 
Tltiiolic acids. Epfom fidt is a cembinadon of 
the vitriolic acid widi magnefia. If diis be dif« 
&lved in water^ and mild voladle alkali added, 
^ the magnefia is precipitated in combinadon with 
the fixed air, while the alkali unites with the vi- 
ttioiic acid The magnefia thus obtained, con- 
tains one fourth of its weight in fixed mr, and 
^x>ut die fame quandty of water. Both are driven 
off b]r fire, by which the magnefia is rendered 
pure, and has fomewhat lels than half the Weight 
it pofleflfed in its former mild ftate. 
I Clay or argillaceous earth, is found every where 
in great quantides, but in the n^uve fpecimens 
it is always mixed with a confiderable quantity of 
other earths. Alum is a fait, confiding of ar^l- 
, laceous earth, combined with the vitriolic acid, 
If it be diflblvcd in water, and the mild voladle 
alkali added, this hSt unices with the acid while 
the earth is precipitated, combmed with a fmall 
proportion of the aerial acid. 
K AVgillaceous earth imbibes water ftrongly, but 
is fcarcciy foluble therein. When fufficiently di- 
vided, it forms a tenacious mals with water, fo 
as to admit pf being moulded into various forms. 
It tontrafts very much by hfat> and acquires a 

flinty 
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flinty hardneft by baking, vrhich does not then 
fuSkr any alteradon from water ; though its orig}-^ 
aal fbftneis and tenact^ may be siffun reftorcd by 
ibludon in ^cids, 'and prcctpitatbn. 

This earthy which is fo ufeful in die arts> has t . 
been Applied*, with great fuccefs to the admea-* 
fiircmeht of the higher degrees, of heat. For as 
Ae eicpanfion of the mercury, in a common ther- 
mometer, indicates the fuccefliire augmentations pf 
temperature, (b the contradtions of the volume 
of a fmall brick of clay, by expofure to ignidon, 
are found to be greater, the more violent the heat. 
By the help of which property we are in pofleffion 
of an invaluable method of meafuring and com*- 
paring thofe high temperatures. 

Siliceous earth, which is alio called cryftaUine, u 
or vitrifiable earth, abounds in many fubftances. 
Cryftal is one of the purcft (pecimens. Extreme 
hardnefs is mod commonly a chara(5teriftic of fili* 
ceous earths, fo that ftones, in which it predo* 
minates, will ftrike fire wit|i fteel, or at leaft wil) 
icratch its lurface, however highly tempered. 

To procure (iliceous earth in a pure (late, clear n 
cryftals, or quartz, muil be reduced into powder, 
and melted with four times its weight of fixed 
alkali. The compound is then to be difTolved 
in water, and the vitriolic acid added in confi* 
derable quantity* The alkali and acid unite to* ^ 
gether, formpg a fy]t that remains in foludon : if 

* By J. Wedgcwood, Efq. Sec the PhU. Tr^f, 

M 4 , there 
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there be sdiy fatther kin4 of earth prefent, it will 
Jikcv^fe combine with the ftiperfluous acid, fiuc 
the iHiceoUs eardi being ^fengaged, fiUIs to dte 
bottom in a fubtiie powder, which muft be cleared 
of the feline liquor by decantation, and repeated 
walhing with pure wat^r. 

Thxt earth is afted on by no acid but the acid 
of fpair, ot "fia(^. Fixea alkalis diOblve it, either 
in the dry or moill way. Like the od>er earths, 
it is not fufibte withotit addition by any heat yet 
obtained. 

Though the 'fimple earths are all infulible alone, 
yet they hiaty 'be fufcd by mixture with each other. 
The cklcareous earth h found to aft as a men* 
(Iruum in diffolving other earths by fofion; and 
whtn it his once a^ted on any earth, a compound 
ineriftruiim i^ formed, which is ftin more effica** 
cribus on other earths. Hence it is thrft equal 
parts 6f any three of the fimple earths may be fufed 
into glafs, provided c^ar^ous earth be one of ^c 
puinter. 
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THE GENERAL PROPBRTISS. OF COMBUSTIBLE 

BODIES. 



Combustibility was formerly fuppofed to con-, 
ftitute a diftinffc and eflential charafter of bodies ; 
and it ftill continues to fof&{s fufiicient importance 
with regard to the great and obvious changes inx 
the univerfe to be admitted as a criterion of ar- 
rangement. AU bodies are either <ombuilibIe or 
incombuftible $ but it is highly probable that this 
difierehce ariies merely from the latter having under^' 
gone the procefs of combuftion or combination 
with vital air. Whether this general notion be ad* 
mitted or not is however of leis confequence in 
our deductions ^ from exiftmg and known &£ts» 
The bodies which are capable of undergoing com- 
buftion are not numerous, Moft of them are aci- 
difiablcj and perhaps they might* all prove fo if 
we could acquire the means of completely burn- 
ing them.. 

If we overkx)k the theory of Phlogiftoq for 
want of fufiicient proof of its validity, we IhaU 
be necefiarily led to confider thofe combuftible 
fubftances as fimple, which we have nothitherto been 
aUe to decompofe after they have been i^urned 
by any redudion capable of (hewing that they arc 
convertible into fubftances 'different from the ori- 
ginal 
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gtnal body, and the vital air employed in burning 
ic But we muft not at the fame time overlook 
die circumftance, that m many inftances refpeding 
chefe fiindamental enqutriesj much of reafoning 
and no fmall quantity of incomplete deduftion 
necefiarily mixes itfelf in the attempts which phi- 
lofophcrs make merely to afcertain the bare matter 
of fad, in experiments where weight and meafure 
can fcarccly be applied, and in moft inftances cer- 
tainly cannot. Under thefe limitations which the 
cautious and unbiaflcd fpirit which ought to 
prevail in our rcfearchcs neccflarily diftatcs, we 
proceed to enumerate the fi:)]lowing as fimple com-' 
buftible fubftances. 

Light inflammable air, called Hydrogen by the 
Anti-Phlogiftians, is an inflammable fubft^nce 
which has never been exhibited alone but in the 
ilate of permanent elafticity. In this ftate it b 
much lighter than the air of the atmofphere. It 
is affirmed that the pureft kind is'ieventeen dmes 
as light. Whether it produces any acid by com* 
buftion has* not been incontrpvertably aicertained; 
but there is little doubt that in a certain propor- 
tion it forms more water by gombuftion with pure 
vital air. Befides the inflammable air which is: 
light,^there are. other kinds generally much more 
lieavy and buFntng with a lefs luminous flame. 
From well inftituted experiments it .appears to be 
proved that thefe laft fluids conflft of the light 
inflammable air holding fome other combuftiUe 
matters in foiution, fuch as fulpbur, phofphorus, 

co^y 
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coaly matter, arfcnic, and oil. The fulphureoii$ 
folutfon is diftinguifhcd by the name of Hepatic 
air, becaufe tifually obtained from the combina- 
tion of alkali and fulphur called Hepar* The 
phofphorated inflammable air, is called pholpho- 
ric air. - 

The diamond is a combuftible fubftance which, 
on account of its great commercial value, has not 
been fubmitted to many experiments ; it is formed 
in various parts of the Mogul empire, and alfo 
in the Eaft* Indian Iflands, and the Brazils. • It' 
is ufually of an oftohedral form, thoiigh not un- 
frequendy* in round maflte. The confent of man- 
kind has (lamped a prodigious value on the dia- 
mond 5 its great' liiftre, which feems to have beea 
the property that originally attraftcd their norice, 
is owing to twa caiifes. The firft is, that being 
die hardeft of all bodies, it takes and prefcrves 
a moft exquifite pdifli, and the other is, that 
k$ refraAive power is fo much greater than that 
of any other medium, as to occafion all the light 
to be refJefted (i, 270. a) which falls on any 
of its hinder fuffeces at a greater angle of inci- , 
dence than 247 degrees. Now at a lefs angle of 
incidence in glafs on the internal furface than 41' 
degrees, the light will be tranfmitted ; confequently 
if an artificial gem and a real diamond be com- 
pared, the light falling on each alike f^tuated 
will' be thrown back with its fiill glare from a 
diamond not only in all the cafes wherein glal^ will 
lefleft it, but lik<ewife at all the angles between 
I ^ 41^ 



/ 



fJJ^ THE PR0PIRT1X8 0¥ 

41*^ and a4i**, : while the glafs Aiffering it to |w& 
through will appear li&leis and dull. It is no woi^ 
der^ therefore^ that the tStSt of the diamond is 
fo ppiuch greater. 

No acid but the vkrioltc has any eScA on this 
geni> in which if Diamond powder be triturated* 
and evaporadbn carried on nearly to drynefs, the 
acid gi;ows blackj and depofits peUicles that bura 
and are almoft entirely confumed. 

In a heat fomewhat greater than is required to 
melt filveo diamond is entirely volatiHted and 
confumed> producing a flight flame and leaving 
a foot behind. Neitheir the elaftic nor fixed rc- 
refidues have been examined. 

Sijiphur or brimftooe is an infiammable &l^aocc 
of a light yellow colour, either transparent or opake^ 
brittle, odorant^ it enters, into ^combination with 
oils, alkalis, earths, and metak, at a temperature 
not much greater than that of boiling water; it era-* 
porates in the open air, and is decompofed, at the 
fame time emitt'mg a flame whicb by day haa the 
appearance of a white fume, but in the dark is 
luminous, though its heat is fo fmaU that it may 
be fuffered to play againfl: the palm of th^ hand 
without much inconvenience. .At a higher teoi- 
perature it bums with a vivid blue flaaie, and is 
decompofed more rabidly, the acid taking the form 
of air of a moft fuflfocating odour. This air called 
vitriolic acid air, unites with water if prefenJ^ aod 
forms the voladlc vitriolic acid, 

Sulphw 
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Sulphur IS not decompofed^ but fublitties widiout 
altenttion if heated in a clofe veffel. 

PhoTphonis is a yellbw or white traniparent (UtK 
ftance (ionfiderably refembltng fulphur in its proper- 
ties, like ^Iphur it burns with two kinds of flame, 
but is much more inflammable. Fourcrojr affirms 
diat die flow temperature with a white luminous 
fame or flame, takes place in every temperature 
mth which we are acquainted; and th^t the rapi^ 
oonibuftion commences at 147^* I found that the 
phoi^honis of urine prepared by Godfrey, which 
was probably leis pure than that mentioned by 
Fourcroy> was not luminous in a freezing atmof^ 
phere at about 14S but became luminous Repeat- 
edly as often as it was brought into a room at the- 
^mperature of 60^, and diat the fame phofphorus, 
|daced In a veflel of water^ burft into the rapid aiid 
firongly lumUous combuftion as loon as the water 
had acquired 1 60^ of heat. In dofc veflels phof- 
phonis Riblimds entire by heat, provided refpirable 
air be not prefent. The phofphoric acid is the 
produ6k^die connbuftion of this fubftance. Phof- 
f^orus unites widi fulphur, and with metals ; is fa* 
itiUe ki. inflammable air, in oils, and in ardent ipi- 
W} iCombines with alkalis, and feparates feveral of 
l&e metals from ^c^s by redu3:ion, at the fame time 
that ideif beconocG acidified. ^ Phofphorus, likir ful* 
phur, is found ^Mindandy in the mineral kingdom. 
The'greateft q<0anucies are combined ' with calca-^ 
xsotts earths, 

4 . Coaly 
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Coaly matte r> which is obtained moft abundantly 
from vegetable fubftances by igniting them in fuch 
a fituatioo as to prevent the accefs of air, at the lame 
time that the volatile parts are at liberty to fly off, 
is confidered as a fimple fubftancej and has been 
diilinguiihed by the name of Carbone. Charcoal 
contsuns a foudl proportion of faline matter and 
earth) but the combuftibk part takes fire when con* 
Xiderably heated in 'contaft with vital air^ and is by 
that means entirely converted into the acid which 
has been called fixed ain Carbone, or coalj appears 
to be foluble in alkalis and in inflammabk aiTi k 
unites! with feveral of the metals, particularly iron, 
with which it forms fteel when the proportion of 
coal is extremely fmall, and plumbago, or blacklead^ 
when the, proportion is fomeyvhat more than ten 
times that of the metal. It is a remarkable fad» 
that thefe two combuftible fubftances, iron and cosi, 
are very difficult of accenfion when thus combined, 
ib that plumbago is an ufeful material for meldflg 
pots. 

Thovgh carbone or coal is not very readily com- 
buftiblcj its attradion for vital air is ftronger than 
that of any other known fubftance, at temperatures 
above ignition. Hence it reduces metals and va- 
rious acids to their original ftate of combuilibiiitf 
by attracting th^ vital air they may have combined 
with during calcination or acidification. 
„ The laft clafs of fimple combuftible bodies is oc- ' 
cupied by the metals ; thcfe are diftinggifhablc froo* 

all other bodies by their great fpecific gravity* ^^ 

their 
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tlicir opake fhining appearance. They are all fiifible^ 
ciyftallizable, and combufHblc, many of them 
bum with aftual exhibition of flame, but none of 
them are fo combuftible as to maintain their own 
igmtion in air no purer than that of ouratmo^here. 
In vital air feveral of the. metals ignited at one ex- 
tremity, become completely burned throughout by 
the fiicceflive propagadon and developement <^ the 
heat. When & metal has undergone combuftion^ 
its aUblute weight is greater than before, though its 
Ipecific gravity is lels. In this ftate it no longer 
ihinesj but has the dull appearance of an earth, and 
is diftinguilhed by the joame of a calx. Some of 
the metals are acidifiable« Metallic calces are Iblu-^ 
ble in acids, and form falts. Such metals as are 
'not calcinable to any Xenfible degree by mere heat 
.with acceis of air, are called perfect metals, fuch as 
are calcinable by fire are ci^led impelled:; me* 
tallic fubftances that n^ay be. extended by hammer* 
ing, are called metals/ in cpntradiftindion to fu^h as 
are more or k& britde^ and are called femi-metals. 
All metallic fubftances coikludt the electric matter 
with great .&cility, . 

Of the metals hitherto difcovered,. the perfect are 
gold, plauna, filver, and mercury, or quickfilveri 
the imperfeft are lead, copper, iroh, apd tin ; the 
iemi-metals are bifmi|th, nickel, rc;gulu9 of arfenic, 
cobalt, zink, regulus of anjtimpny, regulus of man* 
gianele^ regulus of wolfram* and regulus of molyt(* 
dcna. 

i CHAP. 
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CHAP. IX. 

t 

OF THE VITRIOLIC ACID, AND COMBINATIONS 
WHIRBIN IT 18 A PRINCIPAL PART. 

B Tfits Titriolic acid, is £6 dcnomiinted becauft 
pbtuocd from €» titt csiUed vicrid. It is i^uaBy 
obtajiied bf combuftion of Jul{^ur. Stdphur is 
cicfacr found imdve in die neighbourhood ^ vol-- 
canoes, or united widi earths or metals. ^ One q( 

c the moft commdn (idphureous compounds is the 
pyrites, or mundic. This confifts ufually of fill- 
phur, iron, day, and fificeous eardi. l€ is gene« 
ndly of a Jrellow or greyiih colour, of a globular or 
cuUc Ihape, internally ratiBated, or fometimes la* 
snellar. With the fteel k ftrikes fke plendfiiHy, 
VFhence its name is derived. If pyrites be espc^ed 
Co heat in ck^ed veAels, the fiilphur iuUimes} but 
in die open air it Is decompofed by combtrftien,- 
the quantity and con^madon-of die principles 1^^ 
V in the mafs bebg by that means changed. 

x> The pyrites, by loi^ expofnte to die d6Hon of 
the air and moifture, fufier a remaiitaUe change 
in their component plrts. The fidphur, t^ a flow 
procels analogous to combuftion, becomes acidifiedy 
attrafbs water, and unites with the iron, forming vi- 
triol, and with the day, forming dmn (164, i). 
Thefe may be obtained by folutipn in water ; and a 
fubfequent evaporation dimmifhes the quandt^ of 
^ the 
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^e fblverit) To as to caufe the i^lcs to feparate in the 
form of cryftals* 

if vitriol be expdfed to diftillation, the ^ter tha^ t 
entered into the compofition of the cryftals rifcs, and 
afterwards the greateft part of the acid> with fome 
excefs of fulphur combined with it, kaving a brown 
tnafi in th^ retort, called coicothar. A iecond dif- 
tilktion, with lefs heat, feparates Ihe fulphiireous . 
acidi and leaf eis the denie concentratisd vitriolic acid 
behtuil 

This proccfs for obtaining the vitriolic 'acid j^ 
is not noW ufed^ becaufe a cheaper method has been 
^contrived for procuring it immediately from ful- 
phar. • A quantity of fulphur iiid nitre grofsly 
mixed, are placed in a ve(fcl within a fmall cham- 
ber or roomi lined With lead, and contairiing fome 
few inches of water on its bottom. The folphul' is 
lighted^ and the room clofcd. The hltrc fcrvcs to 
maintain the combuftion, by fupplyirig pure air; and 
the vitriolic acid is thus Volatilized iq t\it form of 
air, which (169, iV) comBines with the water; 
To expedite this combination, it is faid that fte^m 
of water is introduced into the clofed room during 
the cbmbuftion. By a reperinon of the ptoeelsi the 
^ter becomes more and more acid. The redun-i 
dant fulphur is either diflipated or acidified by ex- 
t)ofure to air, and the acid is then concentrated by* 
dtftilling dS the fuperfluous water. 

Vitriolic acid is denie, colourlefs; and has a d 
ftrotiger tendency to cdmbinadon in mofl cafes 
than ev^iy odier add; It may be fo far deprivec^l 
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of water as to becortic concrete, but It attracts this 
fluid fo powerfully as to deliquefce. by expofure ta 
the atmofphcrc in i ftiort time, and does not ceafe 
to attraft fhc humidity of the air till it has acquired 
more than fix times its origind weight. In cafes 
where a certain quanticy of air is required to be 
divcfted of its moifture, it. may be performed by 
.placing a cup, containing concentrated^ vitriolic 
acid, under the receiver that confines the air. 
H This acid, and, indeed, every other chemical 
principle, is beft known by the phenomena it pre- 
fents, and the combinations it produces when united 
to other bodies. Thfe moft common of th^fe arc 
here enumerated. The names are given acco^ijing 
to the Nomenclature of Bergman, who, converts 
ttic name of the acid in any combination into an 
adjeftive, which he applies to the bafe or .other 
principle : fuch other fynojiimes are likewife added 
as are moft commonly ufed by chemical or inedical 
writers. 
i If the vitriolic acid, be poured into a folution of 
the vegetable alkali, to faturation, which may be 
'determined by a fmall quanticy of the liquid pro- 
ducing no change of colour with the tinfture. of 
heliotrbpium (158, o) a neutral fait is formed that 
affumes the figure of cryftals, as the water is dimi- 
nilhed by evaporation. This is called ^vitriolated 
vegetable alkali, or vitriolated tartar, and contains 
thirty-one parts of acid, fixty^ three of alkali, and 
fix of water. It is not eafy of foludqn in water, 
requiring fixteen times its weight to diflblve- it in 

the 
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the tenlp^ratur^ of 60^ i but if the water be bojling, 
five parts are fufficient; .. V itriolated tartar is ufcd 
only in medicinci 

The vitriolated mineral alkalii or GlauberVfalt, ,k 
may be produced in the fame manner^ by making 
ufex)f the mineral alkali inftead of the vegetables 
It contains fourteen parts of acid, twenty-two of 
alkali, and fixty-foUr of water, and rcfembles vitrio- 
lated tartar in many of its properties, but requires 
only three times its weight of wate^ to diflblvc it at 
the temper/iture of 60®* Great part of the watci' 
that enters into the formation of the cryftals is 
diflipated by cxpofure for fome time to the air, the 
fait gradually falling into a white powder or efflo- 
refcence* , 

Vitriolated volatile alkali, or vitriolic amrnqniaci ^ 
contains forty-twd parts acid, forty of alkali, and^ 
eighteen bf Water. 

Vitriolated lime, commonly called felemte, M 
abounds in vaft quantities in nature, and accord- 
ingly as its external appearance and texture differs, 
it is called gypfum> lapis fpecularis, alabafter* In 
the temperature of 60^ it requires about five hun- 
dred rimes its weight of water to diflblve it, ancj 
from thence was formerly reckoned .among the 
cardis, though its component parts are thirty acid, 
thirty-two earth, and thirty-eight water. By expo- 
fore .to heat k little below ignition,, about twenty 
parts of its water arc diffipated, at the fame time; 
that it falls into a powder, which is /agitated by 
the vapotxng diat eiiqape in fuch a manner as to c^uie 

N a the 
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the appearance of boiling. This powder is known 
in commerce by the name of plaftcr of Paris, and is 
chiefly ufed for making ftatues, and other articles 
that receive their figure from a mould ; an ufc to 
which it is admirably adapted, by the fpeedy re- 
fiimption of a folid form, when the water of cryftal- 
lization is reftored : for, - if the powder be inixed 
with water, to the confiftence of thin pafte, it may 
be poured into a mould, and will run into all the 
ftrokes and cavities with the greateft facility; a few 
minutes after whith, the water that maintained the 
ftate of fluidity, by mere mixture with the powder, 
combines intimately with it, and the wh<^e mais 
becomes' folid. 
n Vitriolatcd ponderous earth, or marmor metal- 
licum, already defcribed, (162, c) contains eighty- 
four parts of earth, thirteen of acid, and thre-e 
of water ; in the native fpecimens it is infoJuUe, 
or nearly {o- in water. 
o Vitriolated magnefia^ or Epfom fait, ' conitainij 
twenty-four parts of acid, nineteen of earth, and 
fifty-feven of water. It efflorefces like Glauber's 
fait, by expofure to the air, and requires about its 
own weight of water to difTolve it in the tempera- 
ture of 60^. 
P Vitriolated clay, or alum, contains twoity-four 
parts of acid> eighteen pf earth, and fifty-eight of 
Water. Its cryflials^are ufually covered with a;flight 
efflorefcence. In about fifteen times its Sveight o( 
water, at the ocmperaturc of 60**, it b totally diflblv* 
cd i but at higher degrees of heat it is foluble in a 

very 
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Very fma]l quantity of that fluid. It is fbfed even 
by its own water of ciyfiallizadon^ and boils up into 
a frothy mafs, which gradually dries into a white 
friable fubflance, called calcined alum. Calcined 
alum is, however, no otherwife changed than by 
the lois of its water, and may be reduced again into 
its original form t^ reftoring it. 

The combination of fulphur with ft fixed alkali r 
Imay be made cither in the dry way, by melting the 
two fubftances together, or in tl>e moift way, by 
boiling fulphur in an alkaline lixivium, and evapo* 
rating the water. This laft method is, however, ftU 
dom made ufc of. The liver of fulphur, fo called 
from its colour, has a fetid finell, is foluble in 
water, and is very deliqucfcent. 

The combination of fulphur and alkali attrafts 
water from the atmofphere which it decompofeSj 
the vital air of the water combines and acidifies the 
fulphur, while the inflammable air flies off^ in com- 
bination with another portion of the fulphur, which 
conftitutes hepatic air, fo that at length the alkali 
remains united only to the acid, forming either 
vitriolated tartar or <jlauber's lalt. The attradlion 
exerted in this cafe between fulphur and alkali is 
much weaker than it would have been if the former 
had been acidified. For, if the liver of fulphur be 
diflblved in water, the alkali will be- attra<fted and 
the fulphur precipitated, on the addition of an acid, 
whofe elcftive attraction to the alkali is much lefs 
powerful than that of the vitriolic acid when pcr- 
fcftly formed. 

N 3 The 
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The method of Stahl for producing fulphur, by 
what was called the dircd combination of the vitrir 
olic add with the principle of inflammability, dcT 
ferves to be mentioned in this place. Equal parts 
of vegetable fixed alkali, and vitriolated taitar, 
arc fufcd in a crucible, after \7hich fpmewhat lcf$ 
than one-fojurth part of charcoal in powder is added, 
and the whole well mixed by ftirring. The cru- 
.ciblp is then covered, and a ftrong heat given for 
a very {hort time ; after which it is taken from the 
fire, and the contents poured on a' fpiooth ftone, 
previoufly ground. This matter i? not then found 
to differ in its effential properties from the liver 
pf fulphur, aijd if diffolved in water, the fulphur 
may be precipitated by the addition of an acid. 
The theory of thefe fafts was dated to be, that 
the phlogifton of the charcoal combined with the 
concentrated acid of the vitriolated tartar, and forms 
fulphur, which unites with the alkali in the fame 
manner as other fulphur would have done if di- 
reftlj: added. The modern theory is fimply that 
the charcoal attrafts the vital air, which is one pf 
the component parts of the aqid, and leaves the 
fulphur* which is the other component part. 

The vitriolic acid, ip combination with metal- 
lic calces, forms falts which have been denoted 
under the general name of vitripls. The three 
following only are knovyn in commerce, ^r ufed in 
the arts. 

Vitriolated iron, or m^rtia} vitriol, known vul- 
garly by the name of green copperas, coimtih 

when 
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when, reccndy cryftallized, twenty parts of acid, 
twenty-five of iron, and fifty-five of watef; but 
it cfflorcfccs by the lofs of part of its water when 
expoled to the ain It requires fix times its weight 
of water to diflblve it in the temperature of 60^. 
This fait is ufed in dying blacks, and in .making 
ink for writing. 

Vitriolated copper, or blue vitriol; of this v 
thirty parts in the hundred are acifl, twenty- 
fcven copper, ^and forty- three water. It is ufually 
obtained from waters in Hungary, Sweden, or 
Ireland, in which it is naturally diflblved. It re- 
quires about' four times its weight of water to dif- 
iblve it in the temperature of 6o^, • In fome places w 
the waters naturally containing this fait are m^e to 
depofit the copper by cxpofing pieces of iron 
to their adtion. For the acid quits the copper, and 
forms martial vitriol, by uniting with the iron^ which 
receives ;he neceflary portion of vital air from the . 
calx of copper, whi<;^ confequently refumes its 
metallic ftate. The martial vitriol being foluble, 
remains in the water, while the copper fells to the 
bottom in a muddy or powdery form. If the folu^ 
tion, or water containing vitriolatec^ copper, has 
no confiderable excefs of acid, eighty parts of iron ' 
will precipitate one hundred of copper. One of x 
the tefts of the prefence of vitriolated copper in a 
liquid confifts in dipping a piece of clean bright 
iron therein, which becomes immediately covered 
with ^ thin coat of copper, in confcquepce of the 

. ^ I N 4 beginning 
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beginning of the procefs of transferring Ac ad4 
from one metal to the other. 

Vitriolated zink, vulgarly called white vitriol, of 
copperasj is of ^ white colour^ and contains tw^ty- 
two parts of acid, twenty of zink, ^d fifty-eight of 
water. It is foluble in about twice its weight of 
water at the temperature of 60^. 

If the jToncentratcd vitriolic acid be heatec^ wjth 
almoft any inflammable iubftance, part of the vital 
air of the acid combines with and burns the fuh? 
ftance, while another part of the acid having thus 
a redundant portion of fulp|iur, flies oflF in the fbrrn 
of vitriolic acid air. This air may be confined by 
prercury, but unites with water, forming the vola- 
tile vitriolic acid (171, f). Vitriolic acid air is 
fatal to animals. 

In proceffes with fomc of the metals, ^fpecialljp 
iron and zink, the vitriolic acid, when properly 
diluted, is not decompofcd, but the vital air for- 
calcination of the metal is fupplied by the wate? 
itfclf. ' The other principle of the water, namely in-? 
flammable air, therefore flies ofi^ inftead of vitriolic 
acid air, which in this caf^ is not extricated. 



tHAP. 



f 



i»^M>pircTioN OF vrr&B, if 5 



. C H A P, X, 

or THE IflTROUS ACID, AND COMBmATIONt 
WHEREIN IT IS A PRINCIPAL PART. 

Neither the nitrous acid, nor any of the falts u 
containing it> arc ever found in confiderable quanti- 
pc$ in nature. This acid is obtained by the com-, 
plete putrefaftion of animal or vegetable fubftanccs;. 
Jn which it is produced by the combirt^ition of the 
vital air of the atmofpHere with phlogifticated air 
from the organized fubilances. Grounds frequendy 
trodden by gatde, and impregnated with tkeir 
excrements, or where vegetables rot, or in the 
vicinity of flaughter-houfes, or burying-grounds, 
or other plajces expofcd to putrid vapours, afford 
nitre after long expofure to the air. The earths 
that afFprd the beft matrix for the reception and 
pomplete putrciaftion of the vegetable or animal 
matter, are of die calcareous kind ; and in fome 
places artificial beds^ compounded of putrefcent 
flatter and calcareous earth, are made with flic- 
.ccfs for the prodwftion of nitre. If thefe beds 
conteined much vegetable mattp*, a confiderable 
portfon of the fait obtained from them is true nitre, 
or the nitrojus acid combined ^ith the vegetable 
^alij but if other^ife, the nitrous acid is, for 
. ihc mofl part, comb^ped with calcareous earth, 
«jid requires the additiofi of the vegetable alkali 

to 
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to decompofe it. With this intention wood^afhes^ 
or pot-a(b> is ufually added in the procefs^ which is 
as follows: 

D A number of large cafks are prepared, with a 
cock at the bottom of each> and a quantity of 
ftraw within, to prevent its being ftopped up. The 
nitrous earth is placed in thefe, together with wood- 
afhes, or pot-a(b, either ftrewed at top, or ftratiRed 
with the other matter. The veflels are then filled 
with hot water, which, after fome time flanding, is 
drawn off, and frelh water added repeatedly, fo 
long as any (alt can be extra£ted by this means. 
This wafhing of the earth is repeated, by paffing the 
ialine liquor through frefli parcels, till it is ftrongly 
iipp^egnated. In thi» date it is conveyed to the . 
bojler, and great p^t of the water evaporated by 
heat. ,A confiderable proportion of conunon fait, 
which the water obtains from the earth, is depofited 
during the boiling, and taken out by means of a 
perforated ladle, while the nitre fliU remains in 

E folution. For the quantity, of nitre that can be 
held iix fdudon by boiling water is mych greater 
than of common (alt ; therefore, the common fait 
will begin to^bc thrown down at a much earlier 
period of the evaporation than the nitre, and' a 
confiderable portion of the former will be thus fcpa- 
rated before any of the latter quits the folvent. 
When the liquor is fufficiently concentrated by . 
boiling, which is known by trials made with fmall 
c^uandties taken put from time to ^time^ it is con-> 

veycd 
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vey^d into veffels t^hcre it cook, and much df the 
iiitre is then found in a cryftallized ftate* 

The reparation of the nitre from the common f 
fait is much forwarded by another circumftancc, 
wherein their, folubilities differ. Nitre being dif- 
folved to faturation in boiling water, will afford a 
iarge quantity of cryftals by cooling; a proof that 
it is more foluble in hot than cold water: but 
common fait by the' fame treatment affords fcarcely 
any. In the foregoing proccfs it is found, that on 
this account th6 cryftals formed by cooling confift 
almoft entirely of nitre, the common fait remain- 
ing diffolvcd in the water, notwithftanding its 
change of temperature. And a repetition of the 
procefs ferves to puirify the nitre ftiU more. 
With this intention, fo much^purc water is adcjed 
to the nitrous cryftals as is bardy fufficient to diA 
folve them, and' the evaporation by boiling is 
repeated. The cryftals * of nitre obtained by, the 
fecond cooling are much pgrier than before^ bccaufe 
the proportion of water to the common fait is 
greater, and confequently lefs will cryftaliize with 
the nitre. For nice purpofes this boiling with^ 
frelh water is repeated four times. 

If nitre be. expofed to a ftrong heat in an earthen g 
retort, a large quantity of air, much purer than 
that of the atmofphere, is produced, and the alka- 
line bafe is left in combination with i}\c earth of 
the retort, w^hich it diffolves. , The weight of the 
air thus obtained, added to that of the alkaline 
bafe^ amounts to the whole weijght of ihe nitre made 

ufp 
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H ufe of*. This faft is varioiifly eiplained. The 
pure air is afierted by fome tx> confift of the nitrous 
acid, deprived of water, and phlogifton, and unired 
to heat in a latent ftate ; or of the nitrous acid 
perfejSUy faturated with phbgifton ; or of the water 
that entered into the formation of the nitre> and 
is fuppofed to he> by fome means» dephlogifti- 
cated; (148^ m, n) or of a principle common to 
all acids. For the produftion of pure or dephlogif- 
ticated air, alfo takes place, when certain other iaits 
which do not contain the nitrous acid are expofed 
to heat. 

I A moft intenfe degree of combuftion takes 
place when- nitre is brought into contgft with any 
inflammable body, either of the two being previ- 
ouflv made red hot. This continues either tiil the 
whole of the nitrous acid is diflipatcd, or the' body 
confumed, and is evidendy owing to the pure air 
produced, which maintains the combuftion. In 
the detonadon of nitre with combuftible bodies, 
water is produced, formerly termed the clyfliis of 
uitre, and moft probably afforded by the combi- 
nation q{ the inflammable air of the body confumed 
with the vital air of the nitre, (148, n), 

K Gunpowder is ufually compofed of 75 parts 
nitre, fixteen charcoal, and nine fulphur, intimately 
blended together, by long pounding in wooden mor- 
tars, with a fmall quantity of water. Its eflfefts 
are well known. Any part of a quantity of gun- 
powder being fet on flrf?, the detonation begins, and 

* Bertliollet> in the Memoirs of the Royal Academy of 
IParii for the year 1781a 
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is propagated with amazing rapidity through the 
inlserftices of the grains. In confcqucncc of which, 
a fudden and voy ^wcrful »pafifion of the . mate- 
rial takes piace. 

Nitre, or mtrated vcgetabk dkali,. contains l 
thirty parts acid, fixty-three alkali, and fevcn 
water. It requires about fcyen times its weight of 
water to di^yc it in the temperature of 6o^, 

If concentrated vitriolic acid be poured a little at m 
a time on pure nitre, in a tid^ulated retort, with a 
ki^ receiver, taking care immediately to clofc the 
aperture, it will combine with the alkali^ and tht 
nitrous acid, called fpirit of nitre In cociimerce^ 
will rife in fomes that wiH become pondenfed ih the 
receiver. After the fpontan<»u$ v^toxxn have 
ceafedj heat muft be gradtially applied, till ^nothing 
foort will come over. Vittiolated tartar (173^ i) 
will remain in thcretort, and if the acid in the 
receiver be added to pure vegetable alkali, it will 
Again compofe nitre. 

This nitrous acid is of a yellow cdour, and con- n* 
dnually emits red fufibcating fumes. Thefe f^roes 
arife from an excels of the bafe, which may be 
driven off, by haftily boiling the acid in an opea 
veflcl, when the acid becomes as clear as water. - 
But the fmallefl: add|don of any inflammable mat- 
ter, or even expofure to the fun*s rays, will reftore 
the former colour, and caufe the* acid to emit 
fume^ as before. 

Nitrous acid of the (hops is feldom without -a o 
mixture of the marine acid, which it obtabs from 

thc^ 
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the fea-falt that cryftallizes with the nitre made tife 
of, ( 1 8 1, d). This may be fcparated by diffolviiig 
filver in a fmail quantity of the acid, and drop- 
ping gradually fome of this folution into the acid 
required to be purified, as long as. any cloudinefs 
appears. For the marine acid combines\with the 
filver, and forms a compound that precipitates ta 
the bottom, leaving the nitrous acid pbre* 

p The red vapour which rifes from the nitrous 
acid may be prefcrved in clofe veflcls, without con- 
den&tion by cold. It is called the aeriform nitrous 
gcid. Water «bforbs it, which beconies fucccf- 
fively blue, green, and at laftjellow^ when it has 
received an incrcafe of one-third of its bulk. This 
has been termed the phlogifticated. nitrous add. 

0^ . Experiments with the aeriform nitrous acid arc 
rendered difficult> by the circumftance of its afting 
on, and uniting with eyery flaid hitherto ufed la 
attempting to confine k. 

R When nitrous acid is applied to combuftibk 
bodies, nitrous air is produced. This may be col- 
lefted in water as well as quickfilver. Nitrous air 
exhibits no marks of acidity when properly prepar- 
ed. Water will imbibe one-tenth of its bulk of 
*this air. 

s The mixture of nitrous with i^eipirable air affords 
a remairkable and interefting appearance. Their 
union is attended with heat i a reddifli brown cloud 
appears, and the fiim of the fpaces occupied bf 

T both airs becomes much fmaller than before. Ic 
is found that their diminution is greater, the bet* 

tcr 
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ter adapted the refpirable air is to the purpofes of 

fupporting animal life or combuftion ; and that 

nitrous acid is precipitatedj and becomes diflblved 

by the water over which the operation is perform^- 

€d. - . 

^ Dr. Prieftlcy, whofe difcoverics receding aeri- v 

form flfiids have defervedly placed him in the 

h^Ucft rank of experimental pbilofophers, ufually 

afcertains the purity of air by adding an equal 

voluoie of nitrous, air to it, and exprefles the fame 

by writinjg in ^figinres the. fpace occupied by both 

..^er th^ diijoinution. Thus, if equal meallires of 

<:ommon and nixrws air ^erc dimini(hed on mix^ 

turf by tV of. a meafure, he lays dicnjeafure of the 

•ted is 1.3; wJiich number denotes the reduced bulk 

S>f the ^ir wh}<jh was or'^inally 2. But when 

the purity of .vital air. is to be afccrtained, he 

ufes more nitrous air^ a £ngle m^afure not being 

fiifiicient. The pureft; vital air will receive the 

addition of three timyf s its^ own bulk of nitrous air 

before the fpaqe it occupies is fenfibly augmented. 

The inftruments ufed to determine the falubrity v 
of air by this method are called eudiometers. In 
general^ expeiixnents may be made with a gra- 
duated tube AB^ fig. i58> on which the fpace 
occupied by the air after its diminution may be 
read by means of the divifions. 

If a mixture of two parts by meafure of vital 
air obtained without the ufe of nitrous acid, and 
one of phlogifticated air or azote, or which is the 
fame thing, five parts of vital and four of common 

air. 



air, be cxpofcd to die aftion of the ckftrie ipam 
in the upper part of a fypbon in which it may be 
tronfincd by mercury, and a fmall quantity of foap 
lees or folution of pure vegetable alkali be ad- 
mitted into -the cavity which contains the air,,a/i 
abfbrption will take place, and nitrous acid will 
be produced, as appears by the alkali being con- 
verted into true nitre. This is a flow operation, 
and requires the quaptity of air in the fyphon to 
bfe renewed veiy often to fupply the abforption*. 
It has llkewife been found that this add is produced 
by expofirig vital air for* a long time to the ex- 
halations cf putrifying animal fubfl^Ces, togedicr 
with calcareous earth, or any other proper bafe » 
receive and combine *ith itf. There can be 
"little doubt but the putrid exhaktidns eonfiftii^ 
chiefly of phldgifticated air, it appeart thereforer 
that this fubftance bears the fame relation to the 
nitrous acid, as fidphur does to' the vitriolic. As 
lulphur by combuftion, in which vital air is an indi(^ 
penfable requifite, becomes converted intq vitriolic 
acid, fo phlogifticated air becomes converted intof 
nitrous acid, though on account of its being lefi 
combuftiblc, the red heat cannot be produced and 
kept up without the co-operarion of clcftricity; 

and as fulphur when in contad: widi the pure air of 

' * • • 

* For the deudi of the pamcolars of this lAoft cnri6os eat^- 
riiflent, confult Mr. Cavendifh's papers in the Phil. Tranf. 
Vol. 7 J. p. 372, and Vol. 78. p. 255. 

f This is ' the difcovery of Mr. Thoawnel.' See bis prize 
differtation on the formatioa of Nida. 
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fttmo(|)hieiie and widi a bafe proper for comhining ^ 
'^ith the vitriolic acid is converted into that acid 
by a flow combullion in the pyrites; fo the Jikc 
expofure of phlogifticated air in conudt with calca*- 
sret&^ earth to vital .air; produces nitrous acid» 
thoi^li mui^h more flowly^ becaufe the bafe is leis 
combuftible. 

The nitrous acid, with the mineral alkali, forms w 
titrated mineral alkalij ot: quadrangular nitre, which 
contains thirty ^rts of acid, fixty-^hree alkali, and 
feven V^ater. Its properties are nearly the fame as 
4hofe of the common, or prifmatic nitre, but it is 
leis fit for making gunpowder, becaufe it attra6t3 
iuimidity from the air. About three times its 
Weight of w^ter at the temperature of 60^ arc 
Sufficient to hdd it in foltititm 

Nitrated volatile alkali, or nitrous ammoniac, x 
.contains fbrty-^fix parts acid,^ forty alkali, aod 
i^iteen waten This fait is remarkable * for its 
|»t)perty of detonadng, without the contaf): of 
inflammable matter,\when heated over the flrci 
which is one of the proofs that the yola]:ile alkali 
contains tnflaipmable matter. 

Nitnitcd lime, or nitrous fclenitc, contams r 
^thirty-direc parts acid, thirty-two earth, aod thirty-. 
five water. It is deliquefcent. 

With ponderous earth the nitrous acid forms a z 
ialt, whofe cryfbils do not deliquefce. 

Nitrated magnefia is a deliquefcent fajt, and a 
conuins thirty-fix parts of acid, twcnty-fcven of 
magnefia, and thirty-fevca of water. 

Vot. !!• O NitratA 
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ii)4 OILS INFLAMfib tit HfTllOVi ACiD. 

1 - Nitrated day appears tb be bf vciy tlifficbit £rfiK 
.don in cold water^ and tiiy ^botsun 153 ^arte^ 
acid to 100 of iardi *. 

c The nitrous acid diffi^ves mq^ inetafiic fiib^ 
ftancesy part of the acid flying off in the Sotm^ 
nitrous air, and the reft in comiMnaftion with tile 
metallic calces, forming fait. 

lb The n^mmation of oils^ I^ the affiifion of die 
nitrous addj is a phenomenon thak never hits to 
'«»:ite the aftohifhment of the beholders. All the 
oib c^tained by diftilladon from vegetablesi and 
<diftiDgi!iifl)ed by the name of e&ntial oikj and aUb 
loch other oils as are di^ofed to become fihidk and 
dry> bf expofure to the air, are pt'oper ifor this ex« 

1 periment. An oonce xf the tnl intended to be ftf 
on Hre muft be placed in a ifaallb^ vdM^ and 
iiorttef cdmsuniAg an ounce 4^ the xtkA conccsitrated 
fiitroti^ acid mi^ be Reefed at tbe and of a potof 
^at the ope«afior may be HifEciendy difbant from ttic 
inflammation. Two thsrds of the ataid being fMXir- 
«d on the oil> excites a cmfiderable ebulfitbaj the 
^1 grows bh£k and thid^ and fometnoes nfladws. 
fiuf if this lad; circumftance does not liappeki in 
' four or fiv^ fecoiids; ¥hie tfemainder of thfe 4dd mult 
1>e potrred 'Whire xht miKture appears tke ikioft diy" 
and blacky atid then the ^ammaddu fcarcely evdr 

' Tails Dkmg place. ■ ^ ' 

F Fat oils may alfo be inflamed) if €q«ai parts of 
the nitrous and vitriolic acids be fkil poured on 
'them, ancl) when the ebulfition i$ at ^die igreateft, a 
portion of nitrons acid be poured on <he drytft part. 

• Kiiiwan ta Philof. Tranf. for i-.^x. 
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The Cheofy of this fmgtdar ^xpeHmeot is ytt o 
3mpetfe<ft. There can be IMe doubt 4hIC Ac 
>Vkal air of the nitrons acid (182, g) combining 
with the in^mmable matter^ produces the com* 
4)d^on (ijpo. T^ y)k Bot die ochtr ciroumftanccs 
tdadng to the capac^ki^es the new combinadons in 
4iiis procefs may feverally have for beat, and on 
Vhich the high tcmppratUFe produced in a great 
^kneaAiFC depends^ 'have not yet been fufficiendy 
4nirbftiga:Qed. Jt is probably owing to thefe that 
46fiential oils are better adapted to this purpq^ 
ttan any other phlogiftk bodies. The vitricJic 
^d may perhaps tend to concentrate die nitrous 
Acid in die experiment with fat oils, or perhaqps 
4(s aftioii en the oils nmy bring them nearer to 
4he nature df efiential bils^ at Icafl ^s far as it re* 
9ates to this {>rocefSk 



CHAP. XL 

Of TH2 MARINE ACID^ AND COMBINATIONS 
WHEREIN IT . IS A PRINCIPAI. jPART. 

* 

Th^ marine acid is obtained from common fak. 
Tlris felt, ^{q univcpfally ufcd throughout the civi- 
^fecd parts of the world, is either dug out of the 
<^rth in large ftiafies, called rock-^fak, or obtained 
%y evaporation from the waters of falt^fprings» 
or of the lea. Sea- water ufuaHy corttains bciwcQi^ 
the twenty^fifth and thirdeth part of its weight 
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: .of , this faltj together Vrith other magnefi^ or ca)^ 

K xareous falts in much fmalkr quantities. In htft 
coyntriesN the water is' evaporated fb as to afibrd 
the.fak in cryftals^ by mere expofure to the aftioD 
pf.the (un and wind^ in large receptacles> formed in 
•the ^pund near the fea-fide> and into which die . 

L water can be admitted at the tide of flood. In the 
fouth of France^ and other parts of the world, the/ 
coUeft and dry t^e fea-fand, from which a ftroDg 
brine is afterwards obtained, by palling fuch 1 
quantity of water through it, as is merely fufficient 

M to difiblve the fait that adheres to the grains. The 
intenfity of cold in northern countribs is aUb made 
ufe of for this purpofc, where the fea- water being 
cxpofed to freeze, the ice is found to confift 
almoft entirely of frefh water, and confcqucndyi 
upon being taken out, leaves the brine much 

N ftronger. In thefe laft-mentioncd cafes, as weD 
as in more temperate climates, the cryflals arc 
obtained by boiling the brine in proper veffels over 
the fire. 

o If the vitriolic acid be poured on fca-falt, it 
combines with the alkali (143, c) while the mannc 
acid flies ofF in the form of marine add air. Thi> 
ah" is colourlels, and permanendy elaftic when con- 
fined by mercury, but has a ftrong tendency to 
.unite with water. When it efcapes into the ^tiw- 
fphere it has the apfi^earance of white fuines, 0^ 
account of the moifture it meets >vith, and uritp 

p to.. The common marine acid confifls of waW 
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dii»hlooisticAted marine acid.* 19/ 

impregnated with this air, which it readily gives 
out on the application of heac 
V In the method formerly ufed of procuring the roa«- <i, 
line acid hy diftillation from conmion fait with the 
vitriolic acid^ much of the marine acid air was loft» 
for want of water to combine with. This is now 
remedied^ by applying a fecond receiver *, contaun^ 
i^ watjcr, into which a tube, proceeding from the 
upper pait of the firft reeelveri is immerfcd. The, 
mwdp acid air that efcapes uncondeqled from the. 
firil r$0eiyer combines with the water in die fecond» . ' 
dad. coqv(prts it in^ ftroi^ marine acid. 

The naarine acid of fhe ihops is of a light yel* % 
low eqlpuri ^d continually emits fufibcating fhmes. 
The cployr, however, is^ not e0endal to it, but ariles 
from thf fQ}udon of fome impurides in the common 
procefs for maHing it,' . 

Black m^ganefe is the calx of a femimetalj^ s 
(170, a) which coptajns a large porripn of vital 
air, which it is (}ifpof^4 %o giye out. If four ounces, v 
of concentrated marifie acid, with on^ ounce of this, 
calx, be put into a tubulated retort, to whitch the 
^^aratus of . receivers v|(ed ( 1 90, gj) in diftilling* 
t)ie maria[e acid has bjcefi preyioufly adapted, yellow^ 
vapours are abundandy c^ifcngaged, at firft without 
the aOiftance of fire,. and afterwards by meaqs o£ 

.lieat- The water in the fegond receiver becomes 
impregnated with thefe fumes, of which, however, 

^ it abforbs a very (mall quantity. i( the tempem«^ 
fyre be near freezing, the elaftic fluid, aitef &tura^ 

• The invention of Mr. Woirift, ' * 



i<i8 DxratoGxancATBD^ Marinb acid; 

it^ the wattfr> takes a concrete £brm» and gradtnllf 
fubfides to the bottom : but a rery flight degces oC 
wamidi raifts tfab fubftance in die form of hi6Uc$» 
vAAch endeavour to efcape. 

T Afi KMs Vapour coiid>ines widi watqr> and has 
likewift a powerful z&ign on nieiror7]^ * it hm noc 
been confined fo as to retaih its elaftic ftate. 

u k is found to confift of the manne acid> coni«- 
lAncd with an exccfi of vital ain It atcacks com-* 
buftible bodies with great vehem^ccj and diflbli^ 
all -rite meeak diredUy^ al^rditig tke fytat fides «- 
the entire acid doe$^ but without difengaging MJh 
in^mmable air. It whitens vegetables and wax, 
and produces in many ftibftances changes fimilar to 
fuch as arife 4rom long expoliirc to air. When 
imkecl to water, its taftc is auftere, butnbtacidi 
but it regains all the properties of the ttiarifte aci^ 
when again deprived of^ its excels of vital air by 
sfiftion irpdn corabuftiblc matter, 

V A mixture of the nitrous and marine acids, or 
o( the nitrous acid with common fafe^ or M ammo*- 
mat, IS paBecJ aqua-regia, from Its property of 
dtflblving gold. The power of this folvent on 
jgbld is ibppofed to confift ih the marine add, 
which 1$ thought to be flipplied wkh vital air froni' 
flic nitrous, and is ftwnd alone in the cryftals of G^ 
^Txiuccd in the combination of metsHic <»lx ^nd 
acid. There Jecms, however, to be Ibmc other 
circvmftance concerned here 5 for it is not cafy to 
fay why the nitrous acid alone cannot cakine tho 
gold, if its difpofition to part with .vital air, be 

greater 



I^MtJSr t}wi ibai gi th« aerated owinc acU ; and if 
cliis vexe 001 (q^ hpw could it afibrd thp fuppofed 
excels to this U& acid. But it is no uacommoa 
appearanqc in chemiflx]^ fi^ the properti/c^ of coin- 
pounds to be v^ry d^^erei^ fcona ^hc^e of either o£ 
the Qon^nient p^rts, 

Sa,li£ed n^neral ajlull^ or common £i]jt| cootains w 
thirty-three part$ ackl> fifty aik^ij and kveniimi 
vmer. Ifs cryf^aU afe qjij^ripguUr^ god do ftoit 
ddftqi)e£pe i^ t!kfi air, 

. S^tfd yiegetabk alikasiii «f :&te of Syhiuflb cob- % 
tains thirty {^t$ ac^ ri«ty-thi:ee vegetable alk^ 
and feyeii water. It does not deliqucfce in the 9^r, 
^ is foluble in about three fimes its weight of 
water. 

Salited volatile alkali^ or conm^on fal-^mn)oniaCj r 
contains fifty-twp parts acidj forty volatile alMi| 
$Lnd eight water. It diifolves in about three and a 
half tiipes' its weight of water, at the temperature of 
^o^. By heat it fubjimes unaltered, or nearly i^^ 

Safitt(|'linie^ or marhe fblenite, contains ab^t 
fbrty-tWQ part3 acid^ thirty-eight earth, s^d twenty 
yntcr. It deKqucfces in the air. * * 

SaHted ponderoiis earth is little known i its fplu-' 2 
qon affords a vahiab[lc method of purifying the 
marine acid from the vitriolic^ with which it is often * 
adulterated. Forj^ upon die addition of this to the 
fnarine acid under examination, the vitriolic acid^ 
^f pr^fent, feizes the ponderous earth, and forms 
^e yitriolatcd ponderous earth,, which being nearly 

Q 4 infdiuble» 
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infolublcj fells to the bottom*. The exaft quantity^ 

ncccffary to be added is known by trials on ifmall 

portions of the acid. 

A Salited magncfiaj or marine Epfom, is a deli- 

quefccnt fait, found in greater quantity in t\ r water 

of the fea than any other, except common fait. "*' 

B^ Salited clay is a deliquefcent fait, and may con- 
tain 174 parts acid, to lOO of earth. 

c - The marine acid afts direSly on, and combmcs 

with tin, lead, copper, iron, zinc, and bifinuth, and 

: : with the other metals, by proper managoMnti forn^* 

ing felts, poffeifed of various properties,^ * 
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C0NC£RNING THE ACIDS OF FLUOH* OF XORAX^ 

OF AMBiR, AND OF PHOSPHORUS. 

m 

Fusible fpar or fluor, better known in Eng* 
land by the name of Derbyfhirc fpar, conf^s of s( 
peculiar acid, called the fparry acid, combihed with 
calcareous earth and water. This fpar is either 
tranfparent or opake, of different colours, and ge- 
nerally has a cybic, rhomboidal, or polygonal 
figure; Moft fpecimens, ^fpecially the coloured, 
have the property of bccoaiing phofphorcfcent, 
or emitting light, when heated far below igni* 
tion, as m^ he (done by laying them on aliot 

( • Withering in PhiloA Tranf. Part II. for 1784. 
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iron; but they- ibfe diis property by being made 
red hot. ft does not ftrikc fire with tted, nor 
cffervefcc with acids. Ithb calcareous earth is fifty- 
feven parts m the' hundred^ and the reft add and' 
water.^ 

If an equal weight of toncentrated pure colour- e 
le& vitribiic acid be poured, by meansl of a tiibe^ 
oh pulverized fluor, in a retort, a deconipofitioo 
of the fluor takes place with heat. The vitriolic 
acid feizes the calcareous earth, ahd the fluor acid 
cfcapesin the fdrtn of air, of a moft penetrating 
fmellx which may be confined by mercury, but 
unites with water in vety confiderable quantity. If f 
tihe acid be' wanted in a fluid ftate, it b tiecefTary 
to adapt a receiver, containing water, about ten or 
twelve times the weight of the fpar. This acid, o 
^fpecially When heated, and in the aerial form,' dil^ 
Iblves, and retains filiceous earth, which it takes' 
from the glafs-veflels during the diftillation. Toon 
corroding them through, if they be not very thick. 

4 

The fluor acid air depofits fome of this earth by 
eoolbgs and the greateft part in the form of a whit^ 
crutl on the lurface of w^er, when it combines with 
i^at fluid. In oMer to obtain the acid free from fili- 

r 

ceous earth> it b convenient to ufe leaden velTcls, 
. The falinfe combinations formed by uniting this h 
acid with alkali, earths, or metallic calces, clearly 
(hew that it b ^ peculiar acid, as diflferent in its 
properties from all other acids as they are fronl each 
pther. 

Borax is a fait, imported from the Eaft Indies, i 

in 
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in die foitn of, hc^ngqlarj or ifrtgfiififlf figutcd 
cryfta]^ of a dgll ;^htfe» or gjrecaifh ix>lourj^aid 
grcafy to the touch. Iq tbi$ ftatf il is called tiAcaL 
It, is dug out of the earth in ^e ki^gg^oni of Xbib^ 
in a ciyftallbed (bte« The impurities are fepacated 
by folution, fikmofb wi c^ftaJltj^WD^ • : : 
k ' This fait rejjuire^ -about cig^p^pn. iin>c% jQ: 
weight of water tq .diffolve it iq the temq^ierataic 
of ^o% When heatc^i, it fwclis vgj> lp%s its wsjcp^ 
pif cryftaliization, and ruqs into a kind of $j^ 
which may be ag^n diiTolved ip yf^ptff^ |t i^ gbiiefiy, 
Tifed as a fiux for folderin|; Qietals^ 

X . . The component pam of pi^ifie^ ;bw^^ ^^fr 
fcvepteen parts of mineral Bik^% ^u;tyrijo^f pf .if ' 
peculiar acid called the acid of hqj^T^ qt fci^f^QX^ 
falt^- and ibrty-fevcn of yatcn Ip fhi^ 90^^10^*^ 
not more th^n about five parts o( th?^lgil)Lare.ri»ll}C. 
feturated, tor wh\(^ reafon tforax ip; fj^y q^f^s p| 
as ao alkali, ^ , t r ^ 

M If bpra^ be diffolved to fatw^^tipn 4a y^ejii .?<4 
tb.e yitriolic acid be added^ jri;ii^;^ft w^lcoai^ 
with |he alkali^ and dife^igage the ffd^ti)^ ii^itf 
wluch will fwim at the furfa^e^ ia.t^e form cfwkif^ 
fcales* The ^ered liquor wiU yield vMqI^ 
mineral alkalij or Glauber's &J^ T^i^ ^cid i^ .^ 
. obtained by fublimatipq ^ ;he ^IH^lind b^fe b^ing 
iibparated by the j[>f evious additioa of fom? ftrpQS^ 

acicJ. 

N The add of borasc requires &&f pojo^s it$ wei^ 

of water to hold it in folqtion. Its acid propeJ^ 

when uQCombined are but weakly ixianiCefted. ,A 

pioderatc 
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xp^derate l^tat tacks k ii^jtiv lefS' tntumafcefxie Am 
borax> but th9 glais fo formed is «gftta ibhitiie in 
i«ater« « Thi%^^9^ add m^jp 4»e ufed for th^ faqie 
purpof^ a» bof^ifc nnd is a. moft uiefiil flux in cxperi*-. 
ntots to be made wkk th^ bbw-pipe. it has beai;. 
fwtA unoboibmid ia die watens of CQfitoin. Jakei m 
Tuican)r« 

Amber i$ ^ fubftance dug out of the cartk.o 
more abundantly in die Praflian dommions. thaov 
eUirwhere. The moSi vahiable fpecinaens. aire of a 
clbar tfao^reot yellow. }t$ origin is probBbljr 
from the.vegetable kii^doni^ as it is akn^^d^^yfr 
fow4 ia the Drighbowhood of foflU wood* ^ dtf* 
^kAm an acetOMs Uquor^ an oi^ and a concretQ p 
aoi^ are obtained.; which lafl; may be fomcwhat 
purified by ialudon an4 cfyftaUization^ The combi* 
j)atioo& of this with alkalisj earths^ or metals^ denoto. 
it to be a peculiar acid 

Fhpiphorus (170^ y) till lately has been csb- ci^ 
gained by diftillation from iirine onl^, thewater^ and 
Qtfacr more volatile parts^ having been previoufly 
jdiffipa|ed by beat in an open vejQeL Towards die 
*;end of this proceis^ which reqiHres a ftrong fire of 
^veral hours continuance, the phofphorus comes* 
QVer^ and pafles into the receiver> which muft be 
half gUed with water. ]But it is now known, that r 
the phdphoric acid exifts not only in all the IbluL 
parts of animals as well as in urincj but alio in ve» 
gttables^ and is &und in the mineral kingdomj com- 
bined with leM> ^ with iron. The fixed parts of $ 

the 
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tke bc^ft of smimals is fouiid to c^dtiUm this aod/ 
united to i^akareous earth. 

T If the bones of animals be burned in the fire till 
they have become white^ they are in a proper date to; 
a&rd the phofphoric acid. Three parts by we^ht 
of' this matter in powder maybe^gradually added 
to two parts of concentrated vitriolic acid> and. 
( afterwards about five pares of wateh T^is mixture 
mod; be left to digeil for a day, water being addedi 
occafionally to fupply «4iat evaporatesi? attbe end' 
of which time more water muft be: plentifully addcd^ 
and ^ liqilbr flrained through a fine fieve. What 
remains in the fieve is gypfum^ or vitnc^ted lime • 
"The liquor^ by evaporation to dryhefi,- leaves a 
iefldue> confiding in a great medSiire <rf^ the phoi"-' 
phoric acid> which has been diiengaged fro<n iti< 
ddcareous bafe by the vitriolic acidi This refidue> 

, urged by a ftrong heat, flow^ into a kind of glafi of 

;. a whidlh fertiiopakc appearance. It is hot, however, 
neceflary, for the making of pho^orus^ to carry 
the evaporation farther than till the matter bas-a^* 
quired the confiftencc of fyrupj which may be fioiH 
veniently perforpfied in a copper veflel. 

u ' Equal parts of this liquid, and of charcoal in* 
powderi mbced together, afford pholphonis by diftil- 
" lationin a good earthen retort (iiij c). The re- 
cciver muft be half filled with water, and mutt 
have a fmall- hole pierced in its upper part, to let; 
the chftic vapours efcape; or, inftcad of a rcccivcf^ 
the neck of the retort may fimply be* plunged in* 

water 
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'#ater contained in an opeii Jbilbn* Whcii die retoit 
^is rc!(l<-hoc9,die pbofphorus will enter the receiver 
I in drops> which oealihg, the whole af^anttus muft 
• be fiiffered to cooL. The phoiphorus, which is n 
fmall maffes^ refembltng reddifii wax> or tallow, mult 
be prefled together under water, particular care be- 
ing taken that none remains flicking Co die hands 
or under the nails, as a fmall particle, taking fice 
-when brou^t into the air,^ in fuchacafe, tnighc 
be attended with vciy difagrccable confcqucnccs. 
It may be moulded into fticks, by putdng the pieces 
unddr water into fmall upright tubes of glafs, ra« 
ther conical, and ftoppcd at the lower end; and on 
headng the water, the phdphorus will melt and 
fake the defired forms. The impurities that rife to 
. the upper ends of the tubes, may be cut off when ' 
taken out of die water, which muft not be dooe dll 
all is cool; or, it may be had exceedingly pure by 
> ftraining it through a leather bag immeried in hot 
water* But the beft method of clearing phofphorus 
from the impurides of the firft difiilladon is to diftil 
it again widi a very gentle heat*. 

To prevent the fpontaneous combuftipn and ad* y 
dificadon of phofphorus, it mufl be kept in a bottle 
with water fufEcient to cover it. 

The phofphoric acid may be had combined with w 
water, by placing flicks of folid phofphorus in a glafs 
^nnd, inferted in the neck of. a botde containing 
. water. A picce'of glafs tube, inferted in the neCk 
of the funnel, will prevent the flicks from falling 
dirough,. In this fituadon, if the. temperature be 

moderately 
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tkcniBpafed fay di4f O^ eomfadlioii (170, r), aid 
afibrditsaddtoibtf'^iMfcr; Tiic add iiiu$^4)ttincd 
is cQHtBimnatied witb .jiIfoil^idnBy but ibteomas gra« 
duflUf lefi ib faf «acpoffu£e ta the air. 

Heat ciiwies off ^dife ^tts£t ifdni vie piioiljHiQnc 
acid^ fe as to ooinreFt it into a icdtd traidpafent 
fiibftanoe of an add tafte^ n^hkh deltqiiefces bf 
attraAing the moifture of the accnofpbcre^ and dif- 
ftlves in water^ at the fame tkne ^roductog heat. 

When urine is brought to tht confdlettoe o( 
fyrup by evaporationj a ialt is obtained in cryftab, 
calkd fiifible fait c£ urtne^ or mseroccffimc £dt> at 
£rft vidated by an addition of exMra^ire tnattcr 
and camman £&Iti bat which noLy be purified bjr 
£d]rfequem: f(^tion9 filtration; and . cyyflidHzaaotf . 
Thb ^It confifls lof ifae phofffairic iacid, condbined 
in port with the Txdaidle alkali^ and iskypzifmtii&d 
mittral alkali. If micxoebfmic &k be. tcspoSsH td 
hat, ihc Tolatite lalkali is dru^n iOfl^ while ik6 
pliolfdieric add and mmeral alkaU nsmaoi fiaed^ Jixl 
fufe together mto a ^afi ihat affords ^pho^homs bf 
JMiHadon with chavoon j( i 9S, u )• . 

The ^mineral alkaU imtbis glag prevents a cda&' 
derable pordon of the acid froita being converted ^^ 
pholphimiSi )fonnii^ with it a compound which has 
i|he properaes of an acid* In this ftateic is conTerii- 
jUe into glafs by die afison of heat> and ciilor^cs 
t»yte:^(ufetOithe atsno^ere.. JtisfckibleinJi^ 
:than twice lits weight of hot water, and cryftaflliaes 
by cooling. Sones afford ic as wetl «s urine. 

CHAP. 
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Of TH£ ACIDS OF SUOAIt^ OF JOHRItt ttf U^ 

«r<^S| ot^ BBiizoiir> <dF Mi&it, or tcroAit o# 
MILK, or Atrri^ or i^at^ aito oi* pavfiBm«r 

\ 

SxsoAA u a faline itubfhincc;, obcuaed 6om a 
ttioft, if not all, nutritive vegeubl^ fubitancesi bt^ 
tnoft picntifully, or at lead moft uTually, from the 
^q^-cane, which is cultivated in the warmer 
tlim^tes for that purpoie. In the Ictdements of 
tiie £uropeaB6 the cane is crufhe4> \^ paffing it be* 
twe^A wooden roUers, vihich . potnpr^ it to ilioh 
M ifegnDc^ that the vegetable fibres paTs tfanM^, 
Ji^i^g XBicA of the juices behind, whkH run into 
vtsflUs, or troughs, properly placed to receive mid 
^ofi^l^l: 4;h.ecn to the -boilers. The addition, of 
4itt;afin€ |ey and lime^-waiter is necei&ry to the 
^i^^aUizadon of the fvsgar, which takes place in 
eoirie^uence of the evaporaidon by boiling. Re^ 
^ted Iblutbm^. and i>oiling in lim^-water ami 
4^ with the additiM of oxes blood, or whites of 
'llggSt ibr ^e purpofe of feparating the impuri-^ 
tics in the -ibrm of ikum, trender the fugar more . 
iNhice and pure. The inlpiflated liqtior, contain- 
-ing the fugar, is poured into cojoical ^ earthen 
tnoulds, where it cryftallizes, and the treacle is 
kt ou^ by drawing a plug from an aperture in the 

• 
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bottom. A dill greater degree of purification is 
obtained by fpreading an argillaceous pafte over tht 
top of the fugar^ great part of the remaining treacle 
being carried down by the moilture that (lowly pe-^ 
netrates the mais. 

A veiy flow cooling of a foludon of fugarj in 
a heated rodm> caufes it to (hoot into large cryftalsi 
called (iigar candy. In other cafes the cry(bls are 
(mall and irregular. 

The analyfis of this fait is yet impcrfeft. By 
diftillation alone it afibrds acid and an ernpyreumadc 
oil, leaving a confiderable relidue. The fait called 
acid of fugar, b, however, obtained by anoth* 
procefs. 

Let three ounces of ftrong nitrous acid, whofe 
(pecific gravity is nearly 1.567, be mixed in a 
tubulated retort, with one ounce of the fineft fugar 
in powder, to which, after the foludon is com*- 
pleted, and the mod phlogiilicated part of the 
nitrous acid flown off, let a receiver be adapted, 
and the liquid gendy boiled. As foon as it bs 
acquired a dark brown colour, three ounces more 
of nitrous acid mufl be added, and the boiling 
continued dll the coloured fmoking ax:id has en- 
tirely dilappeared. The liquor in the retort muft 
then be poured out into a larger veflfcl, and will 
by cooling afford fmall quadrilateral cryftals, which, 
coUefted and dried on bibulous paper, wdgh loj^ 
grains.- The remaining lixivium boiled again in 
the retort, with two ounces of nitrous acid, affords 
43 grains of cryftals by cooling. Nitrous acid, 

k 
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!n tlie vfhcAt ambuftting to two ounces, being added, 
by fiiiall portions at a time, to the glutinous liquid 
l-emaiuing from the laft cryftals, and then evapo- 
rated to drynefs, a falinb mafs is obtained, which 
contains about fifteen grains of, cryftals* All thele 
produAs, but more particularly the laft, require 
to be depurated by repeated folutions and cryftal- 
lizations in pure waten 

Neither the quantities nor the ftrength of the B 
nitrous acid ufed in procuring thefe cryftals need be 
nicely attended to ; but the quantities obtdned will 
be confiderably diminiftied, if the boiling be conti- 
nued after the vapours have difappearcd. 

' It is concluded, that in this procefs the nitrous f 
acid does, nothing more than afford vital air to 
combine with a vegetable bafis exifting in the fugar. 
The cryftals are therefore called the acid of fugar, 
or faccharine acid. They have an exceedingly 
pungent tafte, but excite an agreeable fcnfation on 
the tongue, when diluted with water. Vegetable 
blues, indigo excepted, ace reddened by this acid, 
and it powerfully attacks and combines with alkalis, 
earths, and various metals, forming compounds that 
fufficiendy diftinguifli it from every other acid.. 
Boiling water diflblves its own weight of the cryftals, 
but at 60° it will take up no more than half that 
quantity. 

The faccharine acid'efflorefces in a heat greater o 
than 60°. It may be fublimcd by fire, though not 
without alteration. Repeated fublimation deftroys 
Vol. II. P it} 
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it ; daring which a great quantity of aerial acid and 

inflammable air are exti'icated. 
H The affinity of this acid to lime is greater than 
that of any other acid ; the compound thus formed 
is infoluble in water, and can only be decompofed 
by fire. Hence the ufc of lime in caufing fugar 
to cryftallize. The native juice has a fupcr- 
abundance of acid that prevents cryftallization j but 
this impediment is removed by the lime, which 
combining with it, is either carried off in the Ikum, 
I or finks to the bottom. Hence alfo the {accharine 
acid affords one of the niceft and moft' certain tcfts 
to difcbver lime in waters. 
K Salt of forrel confifts of the vegetable alkaB 
fuperfaturated with a peculiar acid. If the abun- 
dant acid be faturated with vohtik alkali, and a 
nitrous folution of ponderous earth be added, dc- 
compofitions and new combinations take place by 
double affinity. The nitrous acid feizes the vola- 
tile alkaji, while the acid of forrfj, uniting with the 
ponderous earth, forms a compound, that, on ac- 
count of its difficulty of /clution, falls to the bottom. 
The fediment being walhed, and placed in pure 
water, may be again decompofed by vitriolic acid, 
which forms m?.rmor raetallicum (i75> n) with the 
earth. The difcngaged acid of forrel may be poured 
off. It is deftfuftible by fire. 
h If the juice of lemon be boiled to . thd confift- 
^ cnce of fymp, the vapors that fly off arc tiot at 
all acid, but the refidue will not afford cryflals. 

A quantity 
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A quantity of pulverifcd chalk ' being added to ' 
faturation to boiling lemon-juice, .combines with 
the difen^g^d acid, and forms a compound, which, 
bccaufe very fparingly foluble in water, is precipi- 
tated. The faponaceous and mucilaginous matter 
of the juice remains in the fupernatant fluid, anci 
;nuft be decanted from the precipitate, lukcv^arm 
water being repeatedly poured on this laft till it 
comes off colourlefs* To decompofe the precipi- 
tate, ftrong .oil of vitriol, equal in weight to the 
chalk made ufe pfi but diluted with ten times its 
bulk of water,' muft be added. The mixturCi after 
a few minutes boiling, will contain the vitriolic 
acid . united to the lime in the form of gypfum 
(174, m)^ and the acid of lemon difengaged in 
the water. Filtration or decantation will fcpa- 
rat€ the gypfum, artd the acid of lemon may be 
obtained in cryftals by evaporating the water. The 
cryftallization, however, will not take place, if, for 
want of ftrength, or a due quantity of vitriolic 
acid, there be left any lime in the folution. This may 
be known by adding a fmalL quantity of vitriolic 
acid to the folution when evaporated to the confid- 
ence of thin fyrup. If any precipitation takes place, 
more vitriolic acid* muft be added i and this laft 
acid, if fuperfluous in quantity, will be found in the . 
refiduum after cryftallization. The acid of lemons, m 
by digeftion with fpirit of wine and water, is con- 
verted into vinegar. 

The faponaceous matter, decanted off after the n 
addition of chalk to the lemon juice, may be con- 
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verted into acid of ibgar by treatment with nitrotfi 
acid, but the acid of l^nnons cannot. It therefore 
appears, that lemons contain two acids, namely, the 
acid of lemons, difcngaged, and the acid of fugar, 
in combination with oily or mucilaginous matter. 
Befides this, a fmall quantity of vegetable alkali is 
found, which (hews itfelf by forming tartar, when 
the tartareous acid is dropped into lemon juice, and 
fuffered to ftand fomc days: 
p The fragrant rcfin, called benzoin, or benjamin, 
aSbrds a concrete acid in the form of (lender ipi- 
cuke, by fublimation, eidier in clofed vefiels> or by 
adapting a long paper-funnel to an eartheo-pot, 
containing the benzoin in fu(ion over the fire. This 
acid may be obtained in a ftate of greater purity 
by careful boiling in powder with lime-water. The 
lime unites with the acid^ and upon the addition 
of marine acid> the acid of benzoin which is (carccly 
foluble in cold water, falls to the bottom, while the 
muriated lime remains in folution. The acid of 
benzoin is deftruftible by heat, and when fet on fire 
condnues to burn, with a bright yellow flame. Iti* 
readily fbliible in ardent fpirit, even in the cold. 
0^ Milk in a fliort time grows four and thick dur- 
ing fummer. By fiitradon and evaporation the 
curds may be feparated, and the whey is found to 
contain an eiTcntial fait, aninwd earth, or phof- 
phorated Hme (i97> s), fugar of milk, a fmall 
portion of falited vegetable alkali (193, x), and 
. fome mucilaginous matter. The whey being evapo- 
rated to one eighth, for the more elfedual fcpara- 
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lion of the curd, and then ftrained ; the acid is to 
be faturated with lime. The phofphorated lime is 
by this- means precipitated, becaufe deprived of the 
excels of acid that before rendered it iblublc, but 
the acid of milk, forming a Ibluble compound with 
the lime, ftill remains fufpended: the former is 
therefore feparable by filtration. A folution of 
the acid of fugar being added, feizes the lime, 
(204, h), and leaves the acid of milk again un- 
combined. Spirit of wine * diflblves this acid, 
but none of the other fubftances that remain ih the 
whey. Evaporate the 'water, which would impede 
the adion of the fpirit by diluting it i and when the 
mafs is of the confidence of honey, add_ the fpi- 
rit. To this acid folution, after filtering, zd4 pure 
water, DiftiUation will carry ofi^ the fpirit, and 
leave in the retort pure acid of milk, diffolved in 
water. The acid of milk yields no cryfta-Is, an4 
when evaporated to drynefs, deliquefccs again. Jt 
is dcftnidlible by fire, affording water, a weak acid, 
aerial acid, inflammable air, and coal. It exceeds 
vinegar in attraftive power, and appears to be an 
incomplete vinegar, for want of a fufficient quantity 
of ardent fpirit. For, if a fmall proportion of ardent r 
Jpirit be added to milk, the fermentation becomes 
more perfed, and vinegair is produced inftead of this 
acid: and; in addition to this, the acid of milk, s 
with the addition of ardent fpirit, is converted into 
vinegar after a month's digeftion. ' 

By evaporating whey to the confiftence of fyrup, y 
a f\yeeit: fait is obtained 'in cryftals, called fugar of 
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milk, which may be purified by fubfequent folu- 
tion and cryftallization in water. In fimple diftil- 
lation its produfts are nearly the fame as thofe of 
fugar; but when treated with nitrous acid (202, d) 
it affords fifteen and one-half parts in the hundred 
of faccharine acid, and about twenty- three and $ 
half of another acid, only found in fugar of milk. 
This laft is in the form of a white powder. Sixty 
parts of boiling water diflblve one of this acid, and, 
on cooling, about one-fourth part of the powder 
fcparates in the form of very (mall cryftals. It is 
. decompofed by fire. 

u When an ant-hill is ftirred with a ftick, the en- 
raged infeds emit an acid, which may be perceived 
to be fuch, both from its fmell and tafte. Water 
or ardent fpirit, in which they are agitated, becomes 
acid. In the procefs with fpirit, part of the acid 
arifes in diftillation with the fpirit, but the greater 
part remains united with the phlegm in the' retort. 
Frcfli ants afford by diftillation, without .addition, 
near half their weight of acid. This, like all die 
acids f>f vegetables, is refolvable by heat into aerial 
acid, and inflammable air. 

y. The acid of fat is obtained by repeated diftilla- 
tions of that fubftance. 

w P ruffian blue is a beautiful pigment, well known 
in the ^rts, , It is produced by the union of calx of 
iron, with a peculiar acid. The procefs for making 
it is as follows': Calcine equal par^ of vegetable 
fixed alkali, and dried bullocks blood, till it ccafes 
to emit cither flame or fmoke j then raife the fire 

fo 
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!b as to give the mafs a low red heaL Throw 
this matter red-hot into as many quarts of water as 
there were pounds of the original mixture, and boil 
it for half an hour. Decant this liquid, and waflj 
tlic coaly relidue with more water, till it comes off 
aimoft infipid. Add this iaft water to the former, . 
and boil the whole till it is again - reduced to the 
former number of quarts. This is the lixivium. % 
fanguinis, or pruffian alkali; which, if ^dded ii;i 
proper quantity to a folution of iron, precipitates 
it partly in the form of a calx, and partly in the 
form of pruffian blue. The marine acid being 
poured on this precipitate after edulcoration, dif- 
"folves the calx, and leaves the pruflian bltJe much* 
purer. The method of combining the alkali with' 
the pruflian acid by calcination doe;s not faturate 
the <whole; for v/hich reafon part of the iron is 
riirowfl down in a calciform ftate by that portion of 
the alkali which affords no prpfTian acid. But for y 
chemical purpofes the pruflian ley is produced by 
boiling the alkali in pruflian blue ready fojrmed. • 
The calx of iron is thus deprived of the prufliani / 
;acid by the alkali, to which it has a greater affinity, 
and which it only quits when there is another aci4 
prefent to unite with the alkali, as in the juQ: men- 
tioned inftance of the folution of iron, where' a 
-double affinity takes place. The prufljan alkali z 
prepared in either way contains fome iron. It 
can be had pure in no other way than by direAly 
.combining the pure pruflian acid with a pure 
Mlfali, 

? 4 PrujITiMt 
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A Prufllan alkali, boiled in a retort, with weak 
vitriolic acid, emits the prulfiaa^ acid in an aerial * 
inflammable form, which may be abforbed by 
water placed in the receiver. But as a portion of 
vitriolic acid comes over likewiie. a fccond diftil- 
lation is necefTary, with the addition of chalk. 
The vitriolic acid by this means fqroiing gypfum, is 
detained, while the prudlan acid paflies over totally, 
before one-fourth of th% water is diflilled off. It is 
not therefore neceffary to continue thQ diftiUatioa 
beyond that period. 

B This acid is found to confift of aerial acid, or its 
bale azotic air and inflammably air. If equal parts 
of pulvei^zed qharcoal and vegetable alkali be madQ 
red-hot for a quarter of an hour in a crucible, and 
ifome fal ammoniac, in fmall pieces, be then brifkly 
ftirred dowi) into the mafs, the ammoniacal vapours 
will foon ceafe. The ignited matter being thrown 
into water, affords a lixivium eqpal to the bc(l that 
is made with blood. 

c A folution of the faturated pruflian alkali is a. 
valuable precipitant for difcovcring iron ia liquids j 
no other fubftance forming pruffian blu^ 
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C H A P. XIV. 

I 

,0F FERMEIJTATION, AND THE AERIAL TARTAi' 
RE0U5 AND ACETOUS ApIDSt 

When animal 6f vegetable fubfbnccs have D 
their organization by any means fo &r imps^red 
as to be no longer capable of performing the 
offices to whic^ they were adapted, life ceafes> 
a^nd> uolefs the temperature and drynefs of tht ftir- 
foundir^ medium be fiich as either quickly to eva- 
porate all the moifture, and more volatile parts, or 
to fix the whole mafs by congeht^oo> certain: che* 
mical proceffes take place fpontaneoufly, by means 
of which, both the J3uid and folid parts lofe their 
former arrangement and compofition, at the fame 
jime that new combinations are formed. This afit e 
of change is called fermeota^tion,, and is properly 
,diftingui(hed into three Ilages, namely, the vinpus 
or Ipirituous, the acetous, and the putrefa<5live fer- 
mentations. 

Jtis generally underftood, that the vinoys fer- f 
ipentation does not take place except where fugar is 
prefent. The ^temperature moft favourabk to this 
fermentation is between thirty-fix and ninety de- 
grees; 'and the principal phenomena are thefe. 
The liquor becomes ppake, and warin. Aerial 
acid rifes in minute bubbles from all parts. Muci- 
lage . is fepar^tcd : part fubfidi^g to the* bottom, 

« • ■ -, V -• • • . . . ' 
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and part being carried to the top by the fixed 
isur. For $ certain time thefe appearances increafe, 
but afterwards diminifhj and at length totally 
ceafe; the fluid has then a pungent fpirituous 
tafte, inftead of the fweetncfs it had before: its 
ipecific gravity is confiderably lefs : and it affords 

^ ardent Ipirit by diftillation. The quantity of 
^rdent fpirit aflforded by any fermented liquid is 
thought* to be in proportion to the diminution 
its ipecifie gravity undergoes by fermentation; 
whether this be true or no, has not yet been 
proved by experiments; but it i,s highly pro- 
bable that an attention to this diminution will 
afford the manufafturer fome method of eftimat- 
ing the flrength of beer, wine, and other liquo5 
of the like nature, 

I If the liquid in this ilate be confined in clofc 
vefTcls, the fermentation continues, but with ex- 
Vemc flownefs j an acid fait, called tartar, is depo- 
fited, and the tafte pf the liquor becomes milder 
and more agreeable. 
, K But if the fermentative procefs be fuffeired tp 
go on in open veflels, more efpecially if the tem- 
perature be raifed to 90°, the fecond fl:ajgc, or 
acetous fermentation, comes on, air [s emitted, 
the mafs grows warm, and mucilage is depofited: 
the inteftine motion at length ceafes, and the 
liquid becomes clear : it is then vinegar, and may 
be had purer by diftillation. Ardent fpirit is no 

* Richardfon on Brewing. London 1784. 
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longer found in the liquid, but the vinegar, when 
iiifficiently concentrated, is itfclf inflatnmable. 

The crude vinegar may be kept iq well doled i, 
veffels i but if it be fuffered to continue in the open 
veffels, it gradually lofes its acidity, becomes vifcid 
»nd foul; emits air^ (links 5 volatile alkali flies ofFj ' 
an earthy fediitient is depofited, and the remaining 
liquid is mere water. This is the third ftage. 

' The three ftagcs of fermentation are never in- it 
verted in their order ; that is to fay, bodies that 
'have paiTed the fpirituous fermentation proceed to 
the acetous, and afterwards to the putrefadlive pro- 
cefs, and cannot again be fubjefted to either, after 
paffing it. Bodies that begin to be dcftroyed by 
the acetous fermentation proceed afterwards to 
,the putref^ftive, but are incapable of the vinous 
procefs. And fuch bodies as ininiediately putrefy 
cannot be made to undergo either of the other 
ftages. Some are of opinion that all vegetable or n 
animal bodies, which are deftroyed by fpontaneous 
decompofitiop, undergo the complete fermentative 
procefs, but that the duration of one or more of the 
jthree ftages is too fhort to admit of their being 
properly diftinguiflied by obfervation. 

The aerial acid, or fixed air, is not only pro- o 
duced in fermentation, but is foiind in mines* 
caverns, or wells, or combined with water or 
earths (155, f, g. 162, b), and is befides produced 
in various chemical proceflcs. Its Ipecific gravity 
being about one and a half time that of atmof. 
pherical air, caufes it to lodge, in the lower parts 

of 
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of mines, where it is called choice damp. Its 
preJencc is firft obfcrved by the €xtin6lion or im- 
pdrfeft burning of die lights of the miners. Pure 
fixed air is inftantly fatal to animals that breathe 
p it. The atmofphere always contains fome of this 
acid. Lime-water is the nipeft tcft for difcovcring 
iti, the lime being rendered mild and precipi- 
tated (16 1, z). The immenfe quantity of this 
air, which is difcharged by the vinous fermenta- 
tion in breweries, affords opportunides of majcing 
the more obvious experiments in a very eafy 
and flriking manner. For the flratum of air that 
covers the fermenting liqiJor is about ten or twelve 
inches deep, or more, accordingly as the hori- 
zontal fcftion of the velTel is higher above the fur- 
face of the liquor. Candles plunged in this body 
of air are inftandy extinguifhed, and the fmoke 
remaining in the fixed air renders its fupface vi- 
fible. Agitation throws it into waves. Water in 
a dilli, immerfed in the fixed air^ and ftirfed brifldy, 
foon receives a ftrong impregnation and lively 
tafte. This aerial fluid may be dipped into, and 
brought out in a jar, like any other fluid which 
' is denfer than air, and docs not readily mix with 
. Q^ it. Nothing can be more fingular than the expe- 
riments made by pouring this air out of one veficl 
into another, A candle becoming immediately 
extinft; an animal expiring in a few feconds, or 
an alkali cryftaUizing,.when included in the vefTel 
that receives the fixed air at the fame time that 
the fight cannot perceive any thing that is poured. 

The 
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TARTA]l> AND ITS ACID. 221 

The tartar that feparates from wines during the r 
flow fcrniTOtation (212, i\ confifts of the vege- 
table alkaU united to a peculiar ackl. Whien puri- 
fied by folutioa aad cryddilizzxkax, k is. y:\ cooit- 
merce called cream of tartar. The acid Let creann 
of lartai; is more than fufHcknjc tQ ^fiuff^tc: the 
alkaUt At a moderate temperature^ tfaisi Gtk re« 
quir^$ about one hundred and fifty^ parts of water 
for it& fblutioQ. This, fmall degree of fbh^ilitj? s 
m tartar is wonderful when it is confidered; that 
the acidj or the alkali fingly, or even the neuirai 
fait produced by per&& faturation of eacby are yeryr 
foluble. 

The moft convenient method of ppoeuring the- t 
acid of tartar is, to add dry powdered chalfe, by 
fmall poFCioos at a time, to one hundred parts of 
the fait diflbived* in boiling water, in a tin vefieK 
About twenty-eight parts will be required before 
the efFervefcence ceafes* At this period the- liquid . 
muft be decanted, and will afford, by evatporation, 
fifty parts of the perfcftly neutral fait, called ft>- 
luble tartar, or tartarized vegetable alkali. The 
remaining powder confifts of tartarized lime, and 
weighs one hundred and three. On this walbed 
powder let thirty parts of the ftrongeft- vitriolic 
acid, firfl: diJttfcd with two hundred and feventy 
parts of water, be gradually poured. After twelve 
hours digcftiofl, the mixtu^i being frequently ftir- 
red with a wooden fpatula, the clear liquor may be 
poured off, and confifts of the add of tartar diffbived 
ia water. The vitriolKc add remains, combined 

with 
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with the lime in the form of gypfiim. To dif- 
cover whether the folution contains any vitriolic 
acid, a drop or two of a weak folution of, fugar 
of lead (which confifts of the calx of lead united 
to vinegar) may be added. A white fcdiment falls 
of vitriolated lead^ if that acid be prefent, but if 
. .not, of tartar ized lead. It may be eafily knowii 
by the effufion of ftrong vinegar on the precipi- 
tate, which of the two acids enter into its compo- 
fition: for tartarized lead will difappear by folu- 
tion, but vitriolated lead will not* If the gyp- 
ieous rcfidue contain any tartarized limci it may 
be known by throwing a portion on hoteoals, 
in which cafe the powder will grow black, arid 
emit a fmell of fpirit of tartar. After filtration, 
and evaporation to the, confiftence of fyrup, the 
folution of tartareous acid affords cryftals. The 
quantity of acid weighs thirty-four, and the eva- 
poration is carried to drynefs, 

V Certain vegetables, that have not undergone 
fermentation, likewife contain the tartareous acid. 

V By digeftion with water and ardent fpirit, this 
acid is converted into vinegar. In the fire it grows 
black, and affords a fpongy coal, which contra&s 
much, and grows white by ignition. By diftilla- 
tion it affords phlegm, fcarccly acid, with fome 
oil, and leaves an earthy refidue, neither acid nor 
alkaline. It is not convertible into faccharine acid 
by treatment with aitrous acid. 

w Crude vinegar may be rendered much flronger 

by expofing it to the froft. The water freezes 

6 alone^ 



alonci and leaves the acid gready concentrated; 
the water exceeding the acid that remains three 
• or four times in quantity, Qr more, according to 
the ijatenfity of the cold. This ,procefs renders 
the vinegar much lefs dilpofed to the putrid fer« 
mentation. For this lafl; purpofc, however, tt may x 
be of importance to obferve, that boiling for a 
Ihort time, either prevents the putrid fermentation , 
from coming on, or at leaft retards it very much. 
Common vinegar^ after fuch boiling, will keep £br 
feveral years *. 

By diflillation of crude vinegar the. acid is ob- y 
tained in that date of purity in which it is called 
the acetous acid. It is then no longer flifcepdble 
of the putrid fermentation. Like the other acids, 
it ads on alkalis, earths, and metals, with which it 
forms compounds diftinftive of its own pecidiar 
nature. . ' 

The acetous acid may be had very ftrong by z 
.diftillation from cryftals of verdigris, which is a 
fait confifting of. copper combined with the acetous 
acid. It is then called radical vinegar. 

* Scheelc's Effays. I do not, however, find it ^nfwcr with 
our common beer vinegars. 
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OF TH£ ALKA&IS« 



A Nil T HER the vttget^ble fixed alkali^ ntff 
any of the fak^ containing k> strt found in con^ 
fideraUe ip3i»jKkf in the mineral kbgdoiifi. It 

B is procured by buFning trgetable' iubffiantes in 
the open aif> the fdit being obtained froftr thck 
aflies by elixiviating them in water, and erapa^ 
i^ating the cleaip fbkuion to drynefe^ . "t)ke ^rude 
ot unrefined aikali, pfocored fr^fr w6od-a(hesy i^ 
ealibd pot-aAu If is impoiited (rOM the AOffteni 
parts of £unipe> where vm&ii is^ c^hetip, i^ eoA^ 
tains akbout half its wdg^t of comtVioA ia9t m tl^ 
flacc in whkh it is v£uMf isetdifed^ iti 'L6fid(M 
An addition made doubdefs with a view to' fiUo^ 

a chlent profit. Pbc-afh majr be i^endered^ purer hj 
fclutioa in >ya(»r and; boiling; As the wMei^ ev^ft^ 
porafics, the Gommoo fait will' cry(talUw and- rul>- 
fide, and the ley may be- poured oflT a6 varieu» 

' times. The greater part of any (alts it may con- 
tain are thus feparatedi after which the dkali 
may be dried, and placed on an inclined! plane of 
glafs, in a damp place. The pureft part of the 
alkali will attraft the humidity of the air, and 
run off in a liquid form into any receptacle placed 
for that purpofe. 

D There is not, however, any method fufBcicntly 

eafy to render the fixed alkali of pot-alh pure enough 

8 " " to 



V£GETABLE ALKALI. 11^ 

for nice chemical purpofes, more efpecially as this 
J&lt may be had, without much trouble, from nitre 
or tartar. If the fiheft prifmatic nitre be de- b 
flagrated with charcoal (183, i) the acid flies off, 
and the alkali remains in a mild date, and very 
pure. For this purpofe the nitre muft be made 
red hot^ in a crucible much larger than is fuj9i- 
cient to contain it, and a fnlall quantity of grofsly 
powdered charcoal muft be added. The inflam- 
mation inftandy takes place^ and continues till all 
the charcoal is confumed. More coal muft then 
be added, and the fame repeated till no &rther 
detonation, happens ; care being taken to raife the 
heat towards the end of the procefs, fo as to keep 
the alkali in fufion, left it fliould cover and pro- 
tedb the remaining niti-e from the contad of the 
coal. This is called fixed nitre, though there is f 
no difference between the fpecimens of vegetable 
fixed ^kali, when well prepared, whatever fub- ' 
jc(5t it may have been originally obtained from. 

The vegetable alkali of tartar is very pure, and o 
preferred by chemifts*to any other. The tartar is 
wrapped in wet brown paper, and the parcel* are 
placed in beds or ftrata, alternately with beds of 
charcoal in a furnace. The whole is then fet on 
fire, and the fire continued till the blackening 
fmoke ceafes to rife. If the heat be too intenfc, 
the alkali will melt, and mix with the impuri- 
ties of the coal; but when the procfefs is well 
condyded, the parcels .of fait may be taken out 
entire. By clixiviation in pure water, with filtra- 

Vql. II. Q^ \ tion. 
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6on, cvaporadotH dryiog, and calcining, for a 
coniiderable time^ wkh a low hcaty the mild alkali 
is obtained very pure and white. 

H Equal parts of tartar and groislf powdered 
nitre^ detonated together, afford a veiy good ve« 
getafale alkali ; the acid of the ' tartar abounding 
with fufScient combuftibk matter to decompofe 
the nttre* When finall quantiues of this (are pre- 
pared at once, it generally happens that the de« 
compofition is not entirely completed^ fo that nitre 
and tartar remain mixed wi^ the alkalv; a circum- 
ftance of no confequence in the principal ufe to 

' which this alkali is applied^ namely^ to hring^ 
^rtby matters into fUion by fire. It is c^ed 
white flux« 

I For fbme operations this mixture of nitre and 
tartar are made life of without previous detooa-- 
tion* In this ftate it is called crude flux.. 

K Two parts of tartar^ and one of nitre being' 
detonated togetheF, produce an alkali abounding 
with^ tartar and coally matter. It is of ufe m 
fuch fufions as require the prefence of charcoal as 
in the fufion or redudion of metals. It is called 
black or reducing fiuXr 

L The vegetable alkali attrafts Ac moifture of the 
air, and does not cryftallize^ unlefa combined with; 
the aerial, or fbme other acid. . 

M The mineral fixied alkali cxifts in vaft quaritides 

m 

in the common fait of the ocean, or fait fprings> or 
in rock fait ( 1 89, »)• It is fometimes found com- 
bined with the vitriolic acid in the form of Glau- 
ber's 
6 
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ter's fait (174, >c). On old walls it is found united 
to fix^ed air and water ; in which ftate it is collefted 
At the forface of the earth in many places in Afia 
and Africa. Borax likewife contains it ( 1 96, l). 
The mineral alkali has not been procured from the h 
native falt's containing it, the aerial excepted, -by 
any procefi fufficiently cheap. It is obtained b^ o 
the incineration of certain plants of the kali kind, 
growing near the fea-fide. The crude mineral 
alkali in commerce is Called foda, or barillia. It 
contains feveral neutral falts in fmall proportions. 
Repeated folution and cryftallization in water are 
iifed to purify it, as it is more foluble than the other 
falts that contaminate it, and confequently cryftaU 
lizes laft of all. For very nice purpofcs the pu- ? 
reft common fait m^y be decompofed by melting 
" with calx of lead ; the acid combining with the lead, 
and leaving the alkali difengagedi-or common fait q^ 
may be decompofed by the addition of nitrous acid, 
which feizes the alkali, and forms quadrangular nitre. 
The nitre being deflagrated with charcoal, leaves 
the alkali difengaged. In either cafe, if common fak 
or nitre remain in the alkaliy they will be feparated 
by folution in water, and evaporation. 

The mineral alkali is ufually combined with r 
enough of fixed air to render it cry ftallizable. Its 
cryftals contain above half their weight of water, 
which flies off by expofure to the air, leaving the 
fait in a dry white pdwder. This alkali, when 
deprive of fixed air, will not cryftallize, but, like ^ 

0^2 the 
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the vegetable alkali, attracts humidity from the 
air^ and becomes fluids 

The vegetable and mineral alkalis have a very 
great refemblance to each other in their proper- 
ties, but the eledtive attracflion of the former is, i» 
general, the moft powerful. Their combinations 
with acids have already been treated of. Their 
aftron on metals in the humid way is not confider- 
able. The calces of feveral metals are foluble in 
alkalis by the dry method> as are likewife aU the 
earths. Siliceous earths in particular, form, by 
fufion with alkalis, that beautiful produd of human 
induilry> glafs. Cauftic, oV pure alkalis, unite with 
oily or fat fubftances, and form foap. 

The proccls for making glafs is fimple -, but the 
practice is by no means eafy. From one to two 
parts of alkali are mixed with two parts of vitri- 
fiable earthy and the mixture calcined for a time in 
a heat not fufiicient to convert it into glafs. By 
this management great part of the more volatile 
matters, that might caufe the melted mafs to froth- 
and fwell> are diffipated. Thefc calcined mate- 
rials, called frit> are then melted into glafs by a 
ftronger heat ; which, when formed into utenfils, is 
gradually cooled in an oven* This is called anneal- 
ing. The imperfedtions of glafs are> opake fpots, 
bubbles, veins, or a coloured tinge. Some glals will 
change, or be corroded by the aftion of the air, or 
chemical menftrua. Such, in general, has too 
much alkali, . or has not Jbeen held long, enough in 
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fefioh. Some wiil crack by fmall changes of tem- 
perature, by wiping, or by the flight fcratches that 
an iron-inftrument may make, or that may be pro- 
duced by placing the utenfil on a tabic , where a 
partitle or two of fand may cafually He, Thefe 
faults commonly arife from a want of fufficient 
annealing, or the glafs being ftifFered to grow too 
cold before it .is carried to the annealing oven. 
The 'management of the heat is faid to be of great 
knporiiance in this art. 

The art of making foap confifts in depriving the u 
alkali of the fixed air it may be combined with, 
and afterwards combining it with fome oily fub- 
(tancc, which, in the manufaftories, is done by a 
gende boiling. One part of quicklime, and two 
of foda, are boiled together for a fhort time, with 
twelve parts of water. ^ The filtered lixivium is 
foap-lye, or a folutioR of cauftic alkali, and may 
be concentrated by heat. If it be concentrated til! 
its fpecific gravity is about 1.375, or, which is ther 
jEame thing, till a phial th^t can contain an ounce 
of water will hold one ounce feven penny-weio-hts 
and a half of the lye, the foap may be made with- , 
out Wding. One part of this lye mull be rpi^cecj 
with two of olive-oil in a glafe or ftone-ware veflel, 
The mixture being ftirred from time' to time with 
^ wooden fpatul^, Iboh becomes thick and white, 
^d in /feven or eight days the combination is 
completed], and forms ^ very white and firm foap. 

The lye in large manufadtories is made no ftronger w 
tUffyn to float a new-laid egg, wl^en the worljipen begia 
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to form the mixttore. To a part of the lye dikitcd 
they add an equal weight of o'\\, which is iet on a 
gentle fire, , and agitated. When the- mixture bc-^ 
gins to unite, the reft of the lye is added, and the 
whole digefted by a gentle heat till -the foap is 
formed. If it be well made it is firm and white^ 
not fubjedt to become moift by expofure to the 
air, and completely mixes with water, witKouc 
exhibiting any drops of oil on the fyrface. Trial 
is made of it, and the requifite alterations are obn 
tained by the addition either of oil or alksdi. At 
the end of the boiling common (alt is thrown in., 
A twofold effe<5k is hereby produced. The foap 
is fq)arated, becauie not diffufiblf^ in fak-watec> 
and it is rendered harder by the cdmplete fepar^don 
of vegetable alkali from it : for the vegetable alkali 
<}oes not m^ke a firm foap i and, as much of it as 
may be. in the mixture, decompofe* a portion of 
the common fait by ftronger affinity to its acid. 
The alkali of the decompofed common f^lt, namely, 
the mineral unites therefore with that; portion of 
the oil which would otherwife have remained in 
combination with the vegetable alkali. 

The cleanfing property of foap is well known, 
and is to be attributed to its alkali, which will ren- 
der a fmall portion of oily matter, beyond what it is 
already united to, difFufible in watef . Soap is eaffly 
prevented from mixing with water by any felt, 
except alkalis, and is therefore no contemptible 
teft of the purity of natural waters. (1495 0). 
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Sal ammoniac^ or £ilked volatile alkati» formerly y 
imported from £gypt» is cow made in large quan- 
dries in Britain* The volatile alkali is obtained in 
an impure liquid flate by distillation from foot of 
i>oncs, or any other fobftance that affords it. To ' 
this the vitriotic acid is added. The vitriolic am- 
snoniac (i74>^) thus produeed, is then decompoied 
by common fait, by double affinity; the vitriolic 
^cid combining with the mineral alkalit and the 
marine acid with the volatile alkali. The liquor 
ftherefoce contains Glauber's falt^ and lal ammoniac^ 
which are feparated by ^ryftallization, aad the fal 
ammoniac is. fublimed into cakes for fale. The 
.cheapnefs cf vitriolic acid and of common ialc is • 
' the catdfe wjby tixpj ztg made ufe of inftead of the 
marine acid* , 

The volatile alkali cannot be had abfblutely z 
.diiengaged from every other iubftance, except in 
the fiwin of air. ^ By diftillation of fal ammo- 
niac with lime, a folution of pure volatile alkali in 
water comes over {i44>P) which cannot be ren- 
dered dry for want of fuificicAt fixity in the fait. 
If chalk be ufed inftead of lime, the volatile alkali a 
receives more than its owp weight of fixed air, and 
comes over in a concrete ftate much lefs pungent 
dian in the other procefs, though not fufficiently 
neutralized to prevent its exhibiting its alkaline 
properties very ftrongly (i6o, w,) 

Impure volatile alkali is purified by^ forming b 
fd ammoniac with the marine acid. Sal- ammo- 
php becomes very pure by a few fublimations, and 
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the volatile alkali being recovered again by the 
procefs already defcribcd, is found to be one and 

' the fame fait, whatever may have been the fubjedt 
that originally afforded it, 

c In the diftillation of the^ cauftic volatile alkali, 
(14^, d) an aeriform fluid is extricated, which 

' confifts of the alkali, either pure or elfe combined 
with too finall a quantity of water (145, d) to 
admit of condenfation into the fluid ftate. It may 
be confined by quickfilver. With water it forms 
the cauftic volatile alkali, from which heat again 
expels it: with ftfeed air it forms the concrete vola- 
tile alkali ; and with marine acid air ( 1 90, o) it 
forms common fal ammoniac. When the ftrong 
cauftic volatile alkali is diftilled, it is therefore pcccf- 
fary to annex the pneumatic apparatus with 5?7ater tQ 
^ receive the alkaline air- ( 1 90, <i. ) 

D TJ^e eledric fpark paflTed through alkaline air 
produces an impure inflammable air three times the 
bulk of die allcaline ^ir, and when this is detonated 
with vital air, the refidue is azotic air. Hence the 
volatile alkali is fliewn, as well as from direft experi- 
ments of combfination, to confift of inflammable air 
and :azotic air. 

E The properties of volatile and fixed alkalis re- 
femble each other, but the ele6|:iYe attraftion of the 
latter is moft prevalent. The volatile alkali has 
more direft action on metals and metalic calces than 
the fijced. In the dry way it cannot be exhibited. 
Cauftic volatile alkali combines v(ith oils, though 
difficultly. The faponaceous Hqqid, called eau d<; 
luce, is a preparation of t^is fort. 

CHAP. 
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CHAP. XVI. 

I 

OF MIN£S AND METALS IN GENERAL. 

The internal parts of the earthy as far as the f 
excavations made by natural caufes^ or by the in- 
duftry of men, liave given fcope for obferva-tion, 
exhibit flriking marks of the^ immenie changes 
that have been produced by the, chemical aftion of 
bodies on each other, during a courfe of ages far 
preceding all hpmai> record. It feems probable, g 
that the loftieil mountains, which run in chsuns 
through the great continents, , and are compofed 
chiefly of granite, had. their exiftence as fuch pre- 
vious to that of the animals or vegetables on the 
earth. The fame remark applies likewifc to moun- h 
tains of limeftonp, or marble of a granular texture^ 
and is founded on the confideration, that the re- 
mains of thofe organized fubftances are nevei" found 
in them. Other mountains, for the contrary reafon, i 
are evidently of pofterior formation. Such as have 
their materials arranged in ftrata or beds, feem to 
We been formpd by fubfidence and cryftalllzation 
in Water* The planes thus formed, appear, from a 
variety of figns, to have been disjoined, broken, 
and thrown up into heaps by earthquakes, or fimi- 
lar convulfions of nature. Volcanos, or the erup- k 
tion of fubterraneous fires, have alfo contributed 
greatly to change the internal conftruftion and 

external 
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h external appearance of the globe we "inhabit. There 
is no country or climate where viftiges of thcfc 
awful phenomena are not plentifully to be met 
with. Volcanic b^ils are o&cix pyramtdieaP^ with a 

' plain, or hollow cavity at top, and have one or 
mere ridges proceeding from thence as a center. 
Strata of llava, and other volcanic prodtidts, abound 
in the vicinky, moftly beneath the furfecc, and 
are jegularly difpofed fa as to point out the fource 

M from which they formerly iflued. Metallic bodies 
are moftly found in the ftratified' mountains. The 
b^sW thefe mountains being thrown up into an 
inclined pofidon, appear to have been worn down 
fey the long continued ^t^on of the atrnojp heric 
changes; fo that fh^ta, which in lower grounds 
are too deep for the rniners to arrive at, are here 
rendered acceffiblc. 

N Such .metallic combinations as are found in 
nature are called ores. The metal is faid to be 
nriheralized by the fubftance that is combined with 
if.' It muft, however, be oblerved, as an excep- 
tion, that native metallic falts are not called ores. 

o The chief miqeralizers are fulphur, arlcnic, or its 
acid, and fixed air. Metals arc ajfo fbijncj native 
or uncombined; but fparingly. 

p There are entire mountains which cbnfift of 

- iron ore; : other ores form but an inconfidcrable 

part of the mountain in' which they are found. 

Some ores run parallel to the ftony flrata, though 

very far from having that regularity of thicknefi 

thofc 
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thdie ftrata pofTe&f others crofs the flrata ioa^ 
diredioDs. The h& are called veins. 

The ftones wKcrdn the ore is inibedded are Galt> Q^ 
cd its matrix.. Thefe are not pecuKarljf appro* 
priated to any iBetai> but fome ftooes more fie^ 
qiseotly accompany metab than others. 

The art of cxtrafling metab from ores io the R 
fmall way is called allaying or^j£&ybg. The «cxm 
is ^Ko applied to the fcparatbn of golc^ or fijyer 
from . other metales> and procuring tjiem aJonew 
Ores may be ^ffaycd cither by the diy or hmnid 
H^^thod. la the dry way the procefs is conducted 
nearly in the lame method as when the metals are 
extraSed in the liarge fufnaiqes> and> general^ 
ipeaking, difcoycrs litdc more than, the q«antitgr of 
the metal contained in the ore. In the moift way, 
by ikUful managements the quality and qwntdtj; 
of all the ingredients become known. 

The procefs by fire for obtaining metals from s 
their ores in l^nge qualities, for comxnerciat pur-% 
pofes^ is called fincltmg^ 

The operations for feparating metals from ore$ t 
are trituration, and walhing in a ftrcam of water, by 
which the lighter parts are carried off, while the 
heavier fubfide. This is of fervice when the me- 
talliferous parts arc confiderably heavier than the 
reft.* Roafting, by which fulphur, water, arfcnic, 
vitriolic acid, or other volatile and ufelefe fobftances 
are diOipated. Fufion or fmeldng with' fuch a 
mixture of earths, or other matters as may facili^ 
tate the lame, by wluch the fuperfluous. part of 

the 
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the. ore is Tcorified, or melted into a flag or glafs, 
fufficiently thin to allow the metalline particles to 

' .fiibfide to the bottom of the fiirnace in a regulinc 

u ftate; In allays^ combullible or coaly matters are 
ufed for fluxing the mafs^ that the metal may be 
reduced by depriving it of the vital air it may be 
eombined with ; but in large works the fuel gene- 
rally anfwers that purpofe. 

V It is obvious, that the trituration, walhing and 
roafting, are not in all cafes required; that in 
fome cafes the roafting muft precede the tritura- 
tion; and that the additions in the fmelting 
require an J^ttention to the fuppoftd or known 

w contents of the ore required to be fufed. The pre- 
vious examination of ores by the blow-pipe, 
(134, c) and more cfpecially the humid ana^yfis, 
are of great fervice, by indicating the proper 
additions to be ma^e in fmelting. 

X In the humid way the ore is finely powdered, 
and diffolved in fuch a menftruum as is adapted to 
take up cither the whole or fome of the parts con- 
jedured, or by blow-pipe experiments known, to 
enjter into its compofition. The undiffolved refi- 
due, if any, is fubjefted to trials by other men- 
ftruums. The parts in folution may be feparatcd 
by the addition of precipitating matters, or by eva-. 
porating the folvent to drynefs. The properties and 
weight of the precipitates indicate both the quality 
and quantity of each fubftance contained in the ore. 
This method of aflaying, though incomparably 
more exact than the other, is not yet much prac-- 
tifad, becaufc the operations are flower, and require 

an 
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an extenfive application of the principles of the 
moft enlightened chemiftry *. 

Metallic fubftances in their reguline ftatc hav€ y 
a peculiar brilliancy and' opacity (170,2.) Pro- 
perties, undoubtedly owing to their great denfity, 
and their combuftible nature* For the refradive 
power which bodies exert on light is found to be 
nearly as their denfities (i, 262, a) excepting inflapv- 
mable fubftances, and in thefe it is in a higher pro- 
portion. And, bccaufe the refraftion and reflec- 
tion of light arife from the feme caufe (i. 308, e) 
fuch bodies as refraft moft will alfo refleft the light 
moft ftrongly. Opacity is a confequence of the 
refleftion of light. White metals are very opakc. 
Gold-leafi which is about f the -^-rrs-^-p- P^^t of an 
inch thick, tranfmits light of a beautiful green; 
but filver-leaf, which is • about die i-^-oirznr of an 
inch thick, is opake. Other metals have not been 
fo much extended, and whether any of them are 
fufceptible of it is not known. ' ^ 

Melted metals, like all other fluids, aflume a 2 
fymmetrical form in cooling (152, x.) The chryf- 
tals are larger the flower the tranfition from the 
fluid to the folid ftate; and tjie fpecific gravities of 

- • 

* See Bergman's Opufcula, and Kirwan's Mineralogy, 
t This 18 the thickncfs deduced from the weight and furface 
of a book of gold, ^en the metal is fo £ne as to have but 
three grains of alloy in the ounce, and the workman extra- 
ordinarily flcilful. Finer gold cannot be wrought in this 
way, becaufe it is too foft to expand over the irregularities of 
th« gold-beater's fkins. 

fome. 
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' feme, and, perhaps, ali metals, are gready affeftcd in 
the fame fprcimcn (17, w) from this circumftance. 
Several metals are capable of having their cryftals 
leparated by agitation or pounding, juft at the rime 
of congelation ; and have then a powdery or granu- 
lar form. /Thefe, if ftruck with a hammer imme- 
diately after congelation,, are broken, and exhibit 
the regular arrangement of their internal partsl 
Lead affords a remarkable inftance of this. 

A Moft metals will mix in all 'proportions with each 
other, though perhaps not uniformly, and may be 
afterwards feparated by proccfles founded on the 
confideration of their various fufibility, folubilityi or 
dilpofition to be calcined. 

B The fpecific gravities of thefe metallic compounds 
is fcarcely ever fuch as would be mathematically 
deduced from their fpecific gravities of the metals 
made ufe ofj on the fuppofition of their jundlion 
by fimple contacl. 

c The fufibility of thefe compounds is likewifc 
fiich in feveral inftances as would not be expefted 
from the fufibility of the ingredients. In particu- 
lar, a mixture of eight parts bifmuth, five lead, and 
three tin, will melt even in a heat lower than is 
fufHcient to caufe water to boil. 

D The portion of bafer or Icfs valuable metal that 
is mixed with gold or filver, is called alloy. 

s The imperfefl: metals are calcined . by heat widi 
accefs of air: during this procels they combine 
with the vital air of the atmofphere. The calces of 
ciolybdcna, arfcnic, and Wolfram, are capable of 

uniting 
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tmsting wtdi a larger fortlon of vital air, ^^nd then 
become acid Whence it is coojcftured, that 4dl 
mctaliic calces are of an acid nature, 

Mcmllk calces are revived by ftrong he^t i« con- f 
ta£i with cicHTibuflibre matter (152, w. 167, q*) 
The black flux is very fcrviccabic for this pwpofe 5 
for, at the ikaat time that its cmnbuftibie jpart re^ 
duces the mibtal and its thin fiifton favours its fubfi- 
dencCi the aiicalt promotes the work, by combiniDg 
tvith the .fixed air commonly contained in the calx. 

A calx is heavier abfolutely, but not fpecifically, g 
dian the reguliis it was produced from. 

The. calces of metals arc not only capable cf h 
ttvivification, but fome of them appear to combioe 
with fo large a proportion of carbon or coally matter 
by the vapour of fpirit of wine being paffcd over 
them when melted, as adually to become converiJed 
iato a fpecics of charcoal. Copper in particular 
is converted into a charcoal of more than twenty- 
fix times its former weight, which may be burned 
in vital but not in common air *• 

Metals are foluble in acids, but not in their i 
reguline ftate* Such acids as capnot cakinc a 
metal cxpofed to their adion do not difiblve it^ 
though they will take up the calx. During the 
folution of metals phlogifton efcapes in the form of 
fome kind of air that contains it, Metals too far 

calcined are not folubk. 

When a metal is diflblved nearly to faturation k 
in an acid, it will be precipitated in its reguline 

* Prieftley, VI. 207 — 2H. 

form 
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form by the addition of another metal^ provided the 
attraftion of the difiblved calx for vital air of the 
metal laft added, together with its attraftion for 
the acid be lefs powerfiil than the fame attra£bions 
on the part of the metal which is added. The 
order of the precipitations of metals by each other 
is the fame in all acids; a circumftance which fhews 
that the attractions of the metals to vital air are 
more concerned in the effeft than thole of the 
acids for the calces. The order is, zink, iron, 
manganefe^ cobalt, nickel, lead, tin, copper, bif- 
muth, antimony, arfenic, mercury, filver, gold, pla- 
tina: where any preceding in the lift wiU precipitate 
any or all thofe which follow, but none of thofc 
that come before. 
M Sulphur diilblves many .metals, and the alkaline 
liver of fulphur diffolves them all except zink. 
For this reafop, great care ought to be taken to 
roaft fulphureous ores . well, previous to aflayiflg 
them with alkaline fluxes, as the fulphuri together 
with the alkali, forms this menftruum, and much of 
the regulus is retained. 

The imperfcdt metals are calcined by deflagration 
with nitre, and alkalife that fait in the fame manner 
as any other phlogiftic fubftance. Some of thefe, 
when fufiiciently heated, burn, or are decompofed 
with flame, and moft of them arc rapidly burned 
by heating in vital air. 
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O)? ttJE PERFECT METALS, GOLD, PLATINA, AND. 

SILVER. 

The perfcft metals, gold, pladna, and filver, o 

cannot be calcined >n any &nfiblc degree by mere 
heat, or deflagrated with nitre. When caktifed 
by other methods, chey may be induced by heat- 
ing, without the addition of any combuftibie OMt- 
ter. ' 

Grold is a ydlow «ietal of much greater (pecific p 
gravity than any other, exc^ platina (17; w) 5 . 
direSly folubie in aqua regla (19a, v), and the 
aerated marine acid, and precipitabk from thefe 
in its metalUc form, by «he icrfution of vitriol of 
iron. Vitriolic acid, xliftiUed * from manganeie9 
alfo difiblves it. It has all the metallic characters 
(170, 2) in the moft perfe6t degree. When in 
fufion, it has a fca-grecn colour, which is alfo the 
colour of gold leaf by tranfmitted light. 

Gold is moftly, if not always, found in its' mc-t q^ 
tallic (late. Some fands aS>rd gold by fimfJe 
walhjng, the heavy metallic particles fubfiding 
fooneft. But when embodied in earths, or ftones, 
thefe are pulverized and boikd with one tenth of 
their weight of mercury, together with water* The 
mercury, after a certain time, abforbs the gold, 
and may be feparated by -d^iUacion. Or otber- 

Vx)t. li. R . wife 
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\ 

wife by heating the fend red-hot, and quenchiflg- 
in water feveral times, for the purpofe of cracking 
and dividing it, and tl^en melting the whole into 
glafs with twice its weight of the cak of lead, 
qaUed litharge. Charcoal being added, revives 
the litharge into lead, which fubfides to the bottom, 
carrybg the gold ^ith it. If the.^ lead, thus fepa- 
rated from the fand, be again converted into li- 
tharge by calcination, the gold will ^ remain fe- 
parate at the bottom of the teft ( i .30, x). 

This lafl: operation, called tefting, or cupell^- 
tion when performed in the fmall way, is one of 
the beft methods of feparating the imperfeft from 
the perfedt metals. The mafs of metals to be 
cupelled is put, together with lead, into a fmall 
(hallow crucible of burned bones^ called a cupel, 
and fufed with a confiderable heat, with acceis of 
air. The lead condmially vitrifies, and carries 
all the impcrfedt metals with it. No litharge is 
produced in the fmall way, becaufe die glafs of lead 
is imbibed by the porous cupel. During the cupel- 
ladon, the fcorise, running down on all fides from 
the metallic mafs, produce an appearance called 
circulation, by which the operator judges that the 
procefs is going on well. When the metal is near- 
ly pure, certain rainbow colours flafh acrofs the 
furfece, which foon after appears very brilliant and 
clean. This is called the brightening, arid Ihews 
diat the cupellation is ended. 

If the cupelled mais contain more gold than 
filver, the gold may be difTolved by aqua r^a, 

and 
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and the fUver wiU remain, in a powdery form. If 
the filver prevail, pure nitrous acid will diflblvc 
it, and leave the gold. It is found poik advan- 
tageous to add pure filver, if required, to make 
the proportion of this metal to the gold as three 
to one. For in this cafe thp quantity of filver 
is not fo fmall as to be protefted by the gold 
from the aftion of the menftruum, nor the gold 
fo fmall as to fall into powder, when defertcd by 
the filver. Thcfe proccfles are called parting. 

If platina be fuppofed to be mixed with the t 
gold, both may be diflblved in aqua regia, and the 
gold will be precipitated alone on the addition of 
martial vitriol. No other metal is preclpitable 
from its folvcnt by martial vitriol but gold. The 
iron of the vitriol thus ufeU becomes more calcined 
than before. 

The precipitate of gold from its folvent by a u 
volatile alkali, or by a fixed alkali, if the volatile 
alkali be prefent in ^ the menftruum (19a, v), has 
a wonderful power of detonating, with a moderate 
heat> the gold being at the fame time revived. 
The force of this explofion is not fo great as that 
of gunpowder, if a judgment may be formed by 
burning it in a clofed metallic veflel ; but is much 
greater, if attendon be paid to the prodigious noife 
it makes, and the laceration of the metallic plate it 
is burned upon. Thefe contrary conclufiorts may 
be reconciled, either by fuppofing the force of aurum 
fulminans Jefs than that of gunpowder, but that, its 
velocity of cxpanfion is greater at the beginning ; 

R 2 or 
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or othcrwife, by fiippofing its force to be greater, 
but that, when inclofcd and in contafl with red- 
hot metal, the powder is decompofcd in another 
way without cxplofion. Experiment mtrft, how- 
ever, determine. From various experiments upon 
ihis dangerous compound, it is afcertained that it 
confifts of gokd calcined and united to volatile alkali> 
arid that the •cxplofion is produced by the fuddcn 
cortibuftiort of the inflammable air of the alkali, with 
the vital air of the calx, while the azotic air, or other 
principle of the alkali, is extricated in the elaftic 
ftate. 
V Tin, either difiblved in aqua rcgia, or in fub- 
ftance, added to a folution of gold, precipitates the 
gold in the form of a beautiful purple powder, 
called tht purple powder of Caflius, which is o{ 
tife in enamels, as it gives a fine tinge to glafs. 
The preparation of this powder, and the produc- 
tion of a clear ruby coloured glals, require peculiar 



management. 



w Light diftilled oils, and more particularly ether, 
take gold from its folvent, but no other metal. If 
the ether 4be*kft to evaporate^ by imperfcdUy 
clofing the phial, the gold fells in- its metallic 
form, no k)nger foluble by the acid beneath. Ar- 
dent fpirit, wine, or vinegar, mingle uniformly 
with iblutions of gold, and feparate it alone 
Thefe methods purify gold from all admixtures. 

X Liver of fulphur combines with gold in the dry 
Way info a mafs, diffolvable in water. 

-y The imaginary value of gold probably originated 



in ks i>r6perty of beaiiog the adtion of (^ air^ di4 
ail other liquids conunorily niet with, without 
. tan'ni&iAg or rufting s to which vahie^ no doubt> its 
great and aloioft inimitable ipecLfic gravity hai 
contributed 

The gold coins of Brixain eonfift of deven pare 
gold to one of. copper^. The alloy is required to 
give the neccflary hardnefe. 

Platina has been found hitherto only in the gpld- z 
mines in Peru. It cornea over in the form of 
grains, intermixed with ferruginous fand and 
quartz. The grains that remain> after the ipoft 
magnetical and earthy particles have been fepa- 
rated^ are of a whiter colour than iron. Thcfe 
contain one third of their weight of iron, an4 
have a fpecific gravity of 16 or i8. To purify a 
it, it muft be repeatedly boiled in marine acidi 
till no more iron is feparated, then walhed* and 
<Jiflblved in aqua regia ; to this the Prufllan alkali 
is to be added till it ceafes to precipitate any iron 1 
the clear folution being decanted off, the addition 
of pure fal ammoniac will throw down the platina, 
which may be fufed in the moft^ violent heat of a 
furnace. No other metal is precipitaljlc by fal 
ammoniac. 

Platina thus purified, is by much the heavicft % 
body in nature (17, w). It is very malleable, 
though confiderably harder than either gold or 
• filver. Its colour is not diftinguilhablc from filver 
on the touchftone. When in th? higheft degree 
of purity it is not magnctical j but When it§. ipe- 

R3 icific 
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cific gravity is as low as 21,36, it dill contains 
iron fufficicnt to render it fufccpriblc of the mag- 
netic touch, and obedient to a ftrong magnet*. 
It is foluble • only in aqua rcgia, or the dephlo- 
gifticated marine acid, and is not aftcd on by 
fulphur. Mercury does not diflblvc it. It with- 
ftands cupdlation. 
c Platina unites with moft of the other metals, fo 
^ as to compofc a uniform compound. 
D Silver is the whiteft of all metals, foluble in 
moderately dilute nitrous acid, and in the vitriolic 
acid by the afliftance of heat, but not direftly in 
the marine acid, nor aqua regia. It is -precipitable 
from either of the firft mentioned acids by the 
Jiddition of marine acid, which combines with its 
calx, and forms the nearly infoluble compound call- 
ed luna cornea. Its malleability, compared with 
that of gold (231, y), is nearly in proportion to 
its fpecific gravity- 
E Native filver is found in a great variety of 
forms, and imbedded in various earths. Some of 
the maffes have been found of the weight of fixty 
pounds. The greateft quantity of this metal conies 
from Peru. 
p The ores cf filver ^rc very numerous. Sulphur, 
arfenic, marine acid, coal, iron, copper, anti- 
mony, are the fubftances that fcverally or col- 
lefttvcly, in greater or lefs proportions, enter into 
their compofition. 

* See the feftion on magnetifin. 

The 
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The foludon of filvcr, in the nitrous acicJi af- Q 
fords nitrated filver, or lunar nitre, in fmall cryftals* 
This fait detonates when heated with combuftible 
mattersj .but fufes in a moderate heat, ^without ad« 
dition, into a dark coloured mafs, ufed by fur^ 
geons as a cauiitic, under the name of lapis in- ^ 
fcrnalis. ^ / 

Marine acid, or pure common fait, being added h 
to a iblution of iilver, the filyer fall$ down ia com^ 
binatipn with mor^ than its weight .of the marine 
aciii. This conipound melts in the fire, at a 
low red beat, and if caO: into thin plates^ is femi* 
tranfparent, and fomewhat flexible like horn; 
whence i.& name luna cornea. If carefully prc*^ 
pared, it proves plear, and is fuppofcd to have 
given rife to the notion of malleable glafs. A 
greater heat does not e:itpel the acid, but the whole . 
concrete cither rifes in fumes, or pafTes through 
the pores of the veffel. As the marine acid throws 
dpwn only filver, le^d, and mercury, and the 
latter two of thefe are not prefent in lilver that has 
paiTed the cupel {236, ^) though a fmall quan-> 
tity of copper may elude the fcorification in that 
proccfs, the filver which may be revived, from 
luna cornea is purer than can be eafily obtained 
by any other pro?e6. It is reducible by tritura- i 
tion ^ith its own weight of fixed alkali and a 
litdc water, and afterwards melting the whole in 
a crucible, whofe bottom is covered with mineral 
alkali, well prefled, the mafs of luna cornea 'being 

^fo covered with the mineral alkali. This ma- 

» 
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])flgemenc b required in ordet thst die, ssedac-- 

dOA may uke phgs before the volaciUzatiorv comes 

on^ whichj in the ufual method of redudlioni 

V90\M caufe a conftderabfas pare of the fdver ta be 

loft. 
K The property of forming a hina toniea) 6( 

fcaricely foluble compound^ with marine ac!d> af- 

fetda a good teft for dete^ng the prefenee of 

fmall qua Ati ties of that acid j or HnnyetaHk: fek- 

contauoing iti in waters* ^6r by dM>ppin$ ^ ^^ 

hiti^m of filver in nitrous acid into fuch waters^ 

a cloud, of a curd-like appearance, wilt 'bc^ irhr 

mediately formfed by the combinatiofi of ^ ak 

h of fflver with the mariive acid, if prefent^ This 

property il^ affords a method pf ptirif^^ng the 

nitrous acid ( i S4, o). 

M Sttirer is not corroded by die tt&ion of the 

atmofpbere; but is very apt to tarnifii and gfpw 

black by expofure to fulphureous yapors« 

K Sulphur, and alfo the liver pf fidphur^ dif)blvQ 

filver in the dry way. 

The Eliminating coitipound of yola^lt alM 
with filver, exhibits one of the moft aftomfliing in- 
fiances of chemical detonation hitherto obferv^* 
Its prc^erties were dificovcred by BerthoUct^ 
Pure filver is diifolved in pak nitrous acid, biA 
the Qsix precipitated by liiiie^Wa^^ Aft^r dtcan- 
ration of the fluid, the ^rteipica^ is e:|ip6^ to the 
air for three days to dry^ in which Hie iilventbr 

»' . • i '• - ' ' ' 

i ■* 

* \ 

I 

* Journal de Phifique, J«M 1788. 

8 



|hkiH3 tlic prcfcncc of light is requtfite. ' , TFris 
dried ealx being agitated or fttrred in a fotution of 
iOojiStic Volatile alkalij aflumes the; form of a black 
powder whicb^ when fcparated by decancation, aiid 
jdried in the air, is the ftdminating filver. The id- 
kalinc fluid like^rfe contains a portion of fiiver in 
fohrtion ^hich niay be fcparated by evaporation, 
«d coaling fo far as to afford cr)rftals, which allbr 
poffefs the detonating property. 

Gunpowder and fulminating gold are not to be 
leompared with this new produft, for the firft re- 
qun:es ignition, and the latter a perceptible degree 
p( heat to^ produce detonation. But the fli^tcft 
agitadon or contadl: is fufficient to caufc the filver 
io c:«piode# When ortce obtained, it can no more be 
louched. Eveft the falling of a drop of water upon 
it produces the explofion. No attempts can there- 
fore be made to enclofe it in a veflcl. None but 
xtietaHic veffcls can be ufed in the latter part of the 
^rocefs. The fafety of the operator will be endan- 
gered if any quantity exceeding a grain of filver be 
ufed, and even in this cafe it is proper that his face 
fliould be defended by a maflc, with apertures for the 
eyes covered with ftrong glals. 

The theory of this detonation is the fame as that 
of fulminating gold. 

It is a valuable difcovery of Mr. Kier *, that a 
mixture of ftrong vitriolic acid with the nitrous acid 
pr nitre is a powerfiil folvent of filver, thoygh it 

* Phil. Tranf. 1780, p. 367. 
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fcarccly a(!ts upon thp meuls. This is of confidcr- 
able impQrtance in thjc Birmmghani manufacture 
where the filver in the cuttings of plated copper is^ 
required to be feparated from this laft metal. For 
this purpofe the pieces of metal are put into a glazed 
earthen pan^ and a compofition of eight or ten pounds 
of oil of vjtriol, with one pound of nitre, is poured 
ypon them, ftirred about, ^nd the a&iop of the fluid 
affifted by a heat between 100^ and 200^ of Fah- 
rpnheijt. Whpn the liquor is nearly faturated, the 
filver is to be precipitated by cornmon fair, which 
Uiay be eafily afterwards reduced, or otherwife the 
filver may be precipitated in its metallic ftatc, by 
adding to the fqlutjon a few of the^ pieces of copper 
and a fufficient quantity of water> l^hich enables the 
liquor to aft on the copper, Thp theory of this. 
cfFeft ftill remains to be inycftigated. 

Pure filver, like pure gold, is Jioo foff to be 
ufed for ordinary purpofes without alloy. . , In the 
Britilh coinage fifteen parts of filver are alloyecj 
^ith one of copper. 
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C H A P. XVIII. 

OF THE IMPEJIFECT METALS; MERCURY, LEAD^ 

.COPPER, IRON, AND TIN. 

1 

Mercury or quickfilver is a metal of a bluifh Q^ 
white colour, not fufceptible of ruft, or tarnifti, . 
by cxpofure to the air. Its fufibility is fo great, 
that it becomes fluid long before ice melts; 
and its volatility is fuch, that it is driven off 
by aftual ebullition, at a temperature (127, r) 
which the greater part of the other metals fuf- 
tain without melting. In its folid ftate it is mal- 
leable. Its fpecific gravity (17, w) is greater 
than any of the other metals, platina, gold, and 
wolfram excepted. By a heat, nearly fufficient to 
caufe it to rife quickly in the vaporous form, 
it is calcined, provided the accefs of atmpfphe- 
rical or pure air be allowed^ This calx, impro- a 
perly called percipitatc per le, is of a red colour,, 
and refumes its metallic form by mere increafe 
of heat, at the fame time that it gives out pure or 
vital air. 

^ Native mercury h frequeiidy found, but per- -. 
haps never free from metallic alloy. It is alfo 
found mineralized, in the form of precipitate . 
per fe, or combined with the vitriolic or marine 
acids, or with fulphur. This laft is called cinna- 
bar. It is pf various colours, from a yellowifli to 

a deep 
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a deep red, and is very ponderous. In clofc 
veflels* it fublimes without any other altcraticm 
than being deprived" of its impurities; ia open 
tj veffels. With fufficicnt heat, it is decompofed. The 
mercury is obtained from it by . diftUlation^ with 
the addition of fome fubftance that will combine 
with> and detain the fulphur; for which purpofe 
iron, in fmall pieces, is commonly made uie of. But 
if calcareous earth be mixed with or abound in the 

V ore> no other addition is requifite. The paint call- 
ed Vermillion, is an ardficial cinnabar> produced 
by combining mercury with fulphur by trituration 
and fublimation. One hundred parts of cinnabar 
confain eighty of mercury, and twenty of fulphur. 

w Mercury is judged to be pure when it is per- 
fcftly fluid, and runs in neat globules, without 
any pellicle on its furface, or without foiling a 
funnel of clean white paper, through which it may 
be poured by a very fmall aperture at bottom. If 
it leaves nothing behind after evaporation, its 

X purity may be ftiU more depended on. For pur- 
pofes where the utmoft purity is required, the 
mercury may be triturated with flowers of brira- 
ftone, till it difappears, by uniting with that fub- , 
ftance in the form of a black powder, called 
cthiops mineral; with this may he mixed twice 
the quantity of quicklime or filings of iron, and 
the whole being fubmitted to diftDlation, the mer- 

V cury will rife, and pafs into the receiver. Duft, 
and other fuperficial impurities, are removed by 
prefiing ^mercury through a leathern bag. 

'The 
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Tfie concentrated vitriolic acid, by boiling v 
coinbines with mercury into a white mafs,. which, 
by the efFufion of a fufficient quantity of hot water, 
becomes of a citron colour. It is fcarccly at all 
foluWe in water, and is known in mcdicme by 
the name of turbith mineral. 

Nitrous acid diffdves mercury very readily, and z 
affords, by cryftalli^ation, a fait called mercurial 
nitre. If this fait, which is white, be cxpofed to 
heat, it becomes yellow, then orange coloured, 
and, laftly, red, in which Hate it is found not to 
diflfer from precipitate per fe ^243, r. 182, o). 

Vitriblic acid, added to a fdution of mercury a 
in the nitrous acid, feizes the metallic calx, and 
feHs to the bottom ; forming the fame combi- 
nation as would have been produced by the 
dIretSt Ibludon of mercury in the vitriolic add 
(\a45, v). The affufion of warm water converts 
it into turbith mineraL 

The common marii^e acid does not aiflblve b 
mercury, though it readily unites with it when 
^fficicndy calcined by other means. Thus, when 
mercury is calcined by nitrous acid, in which it is 
diffolved, the marine acid being added, immediately 
feizes the calx, and forms a fait of difficult folu- - 
•bility, which falls to the bottom. It is obfervable, « 
in diflblving mercury in the nitrous acid, that the 
folution at the beginning is attended Avith the efcapc 
of nitrous air (rSf, r), but that Hit mercury con- 
tinues to be diflblved after the erniflion of air, has 
eeafed* The latter portion is therefore taken up 

in 
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in its metallic ftatc. If the marine acid be added 

D to a folution of no greater quantity of mercury 
in nitrous acid, than could be diffolved with ef- 
fcrvcfccnccj the precipitate will be' a fait of fpar-* 
ing folubility in water, and highly corfofive, known 

E by the name of corrofive fublimate* But if the 
nitrous acid be loaded with as much mercury 
as it can take up, and marine acid be added, 
the precipitate will be mild, and fcarcely at all 
foluble in water, and is then called mercurius dul- 
CIS, or calomel 

r Corrofive fublimate has always, till lately, been 
made by fublimation. This is efFeAed by a va- 
riety of methods, all which tend to combine the 
marine acid with the calx of mercury. If the 
white falinc mafs, produced byi combining the 
vitriolic acid with mercury (245, y), be tritu- 
rated with an equal weight of fea-falt, and ex- 
pofed to heat in a cucurbit (129, x) the vitriolic 
.^.acid quits the calx of mercury to combine widi 
the alkali of the fait, while the marine acid thys 
difengaged unites with the mercurial calx, and 
forms the corrofive fait required. This is fub- 
Umed by the heat, in a white mafs, cryftallizcd in 
the form of needles. 

c Corrofive fublimate, triturated with mercury, 

« 

abforbs or unites with a quantity about two-thirds 
of its own weight. Sublimation renders the union 
more perfeft, and affords the mercurius dulcis of 
the fliops. 
H The aerated marine acid diredtly attacks and 

calcined 
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talclnes mercury, which it converts intd corrofive 
fublimatc. 

Mercury combines with altnoft all metallic fub- I 
ftances, and communicates to them more or lels 
of its fufibility. When thefc metallic mixtures 
contain enough of mercury to render them foft in 
a mean temperature, they are called amalgams. 

Lead is a white metal of a confiderably blue ic 
tinge, not fubjeft to be much corroded by ex- 
polure to air or water, though the brightnels of 
its furface, whenx cut or fcraped, foon goes off. 
It is very foft and flexible; not very tenacious, 
and confcquently incapable of being drawn into 
fine wire. Under the hammer it is eafily ex- 
tended into thin plates, but its properties have 
not induced workmen to fubje<5l it to the fame 
trials as gold, filver, and copper, and there- 
fore its comparative malleability is ' not known. 
Its fpecific gravity is confiderable. On the fire 
It melts long before ignition, at about the 540th 
degree of Fahrenheit's thermometer, at which pe- 
riod it begins to be calcined, if rcfpirable air be 
prefent. In a ftrong red heat it boils and emits 
fumes. If melted lead be poured into a 'box, 
preVioufly rubbed with chalk, to prevent adhe- 
fion, and continually agitated, it will concrete 
into feparate grains, of confiderable ufe in a va- 
riety of mechanical operations i or if it be poured 
into a mould, and turned out at the inftant of 

cooling, a blow with the hammer will break the 

niafs, 



mafs, and the fymtnetiical arraogetttent c^ die iii^ 
ternal parts will be feen. 

L Tlie ores of lead are moft commotdj feund 
amofig earths of the calcareous or ponderous kind. 
Calciforoi lead-ores are either tranfparcnt or opd^e 
4>ars» or pulvendent^ or odu'eous mafies of a red- 
di(h or brown colour. They $!« reducible by fufion 
with combuftible matters. Lead is alfo found mi- 
neralized by ijie vitriolic acid forming a white 
ponderous fait, foiuble in water. likewiie com- 
bined with did phafphoric acid of a greenifli co- 
ioun Sulphur is the ufual ' mineralizer of lead. 
Of thcfe the galena, or poteers lead ore, is the 
moft common* It is of a lead colour, but daikcr, 
and is for the snoft part formed in cubes of ^ 
SDoderate fize, or grains of a cubical figure, widi 
the cornets 'cut off; its -texture being granular. 
When antimony enters into the compofitioD, the 
texture is radiated or filamentous. There are 
alfo pyritous* and red arfenical lead- ores, but the 
latter is very fcarce. The fulphureous kad-orcs 
contain filven It is not ^^ indubitably eftablilhed 
tiiat native lead has ever been found. 

M By calcination, lead is converted into a dulky 
powder* called plumbum uftum \ a longer con- 
tinued heat, with acccis of air, renders it white, 
yellow, and after fome days, of a bright red, 
called minium, or fed lead. The heat for thk 
-purpofcsmuft not exceed a certain degree. A 

greater heat converts the cabc, by degrees, into a 

yellow 
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ydlow flaky cabc> called litharge ; and by a mo« 
derately ftrong fire, it runs Into a yellow tranfpa^ 
rent glais, which power&illy diflblves metallic 
calces (236, r) ; and unlefs combined with thefc, 
or ea^hy additions, corrodes and pafles through 
common crucibles. This glafs adts more ftrong-* 
ly cm filiceous than on argillaceous 'earths, and is 
a principal ingredient m fine white glafs. 

Vitriolic acid, by boiling, combines with lead into K 
a faline mais. Nitrous acid unites with it into a 
cryftaQizable fait. The vitxioHc acid, added to a 
folution of lead in the nitrous acid, feizes the caht, 
and falls to the bottom, forming the fame com- 
pound as wouki have been produced by dired fo- 
lution of lead* The marine acid in the fame man- 
ner carries down the lead, and forms a combi^ 
nadoiti called plumbum corneum,' which is more 
foluUe in water than luha cotnea (241, h)« 

The marine acid a&s direfUy on lead, by o 
boiling. 

The acetous acid diflblves lead and its calces, p 
While lead, or cerufe, is made by rolHng leaden 
plate fpirally up, . fd as to leave the fpace of an 
inch between each coil,> and placing them vertically 
in earthen pots, at the bottom oi which is fome 
gpod vinegar. The pots are to be covered and 
expoied for a length of time td a gentle heat in a 
iadd bath, or by placing them in dung. The 
vapour of the vinegar attaches itfelf to the furface 
of the plates, and corrodes them, by that means 
leducing them into cerufe, which comes off in 

Vol. II. S flakes 
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flakes wKcn die lead is uncoiled. The plates ire 
thus ' treated repeatedly, till they arc corroded 
through. 

q^ The acid in cerufe is fupcrfaturated. By folu- 
tion of this compound in acetous acid, a cryftal- 
lizable fait, called fugar of lead, is obtained, 
which is the fame as would with lefs facility have 
been procured by diffolving lead direftly in that 
acid. 

R Sulphur readily combines with lead, by die 
afliftance of heat, and forms a compound^ fimilar 
to the iidphureous lead ore. 

s Oils and fats have a flrong adion on lead and 
its calces. Litharge, or any of the other calces 
of lead are copioufly and^ entirely foluble in oils 
by . boiling, which arc thereby rendered diickcr, 
and more drying, Linfeed oil, thus impregnated 
with litharge, is much ufed by painters, under 
the name of drying oil. Many of the platters ufed 
in furgery have for their bafis oil thickened hy 
boiling with calx of lead, 

T Lead in its metallic ftate unites widi moft 
metals. It may be feparated from copper by 
eliquation, or melting by a heat too low to fiife 
the copper. It altogether rejedb iron. 

u Copper is a metal of a peculiar reddiih brown 
colour, fubjeft to tarnifh ; it grows black by long 
expofurc to the air s and eafily rutts by moiihire. 
It is of very confiderable harJnefs, tenacity, diic- 
dlity,. and malleability : and its elafticity is greater 
than that of any metal, except iron. From this 

laft 
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laft property, maflfes of this metal emit a loud and 
laftihg found when ftruck, and that, more efpeci- 
ally, when of a proper figure (6.8, w). At a de- v^ 
gree of heat, far below ignition, the furface of a 
piece of polilhed copper becomes covered with 
various ranges of prifmatic colours, the red of 
each order being nearefl: the end which has been 
moft hfcated ; an efFeft, which muft doubtlefs be 
attributed to calcination, the ftratum of calx be- ^ 
ing thickcft where the heat has been greateft, and 
gradually thinner and thinner towards the colder 
part (i, aSo). A greater degree of heat calcines 
this metal more rapidly^ fo that it contrafts thin 
powdery fcales on its furface, which may be eafily 
rubbed off, the flame of the fuel becomjng at 
the fame time of a beautiful green or bluifh co- 
lour. In a ftrong white heat, greater than is necef- w 
fary to melt gold or filver> it melts and exhibits a 
bluifh green colour. 

Copper is fbmetimes found native. Its ores are x 
cither calciform, of a red, blue, or green cblouti or 
fulphureous, with more or Icfs of iron, arfenic, or 
zink. It is alfb found mineralized by the vitriolic 
or marine acids (178, w). Copper is extraftcd 
from its ores by repeated fufions and roafting, by 
which the fulphur is driven off, and the bafer 
metals fcorified. Lead is an ufeful addition for 
depriving it of the laft portions of fulphur. Silver * 
is extrafted from copper by elicjuation (250, t) 
with lead, which carries the filver down with . it. 
This proceis cannot however feparate gold from 

S 2 copper. 4 I 



a6o CUPREOUS SALTS* 

copper. When the quantity of gold » firipedled 
to be too fmall to be advantageoufly recovered by 
tefting, (2;i6y r) it may be ex traded by pulveri* 
zing the fulphurated copper, fulphur being added 
if required^ and grinding the tnais with mercury, 
which amalgamates with the gold (235, oj). 

y Vitriolic acid, highly concentrated and boilings 
difTolves copper, and by evaporation affords bkc 
cryftais (178, v) of vitriolated copper. By 
cementation of copper with fulphur, part of the 
mafs becomes foluble in water^ and affords the 
fame fait. 

z Nitrous acid diffolves copper with great violence, 
and forms a deliquefcent fait. The folution is 
green, as are ^Ifo the cryftais. This fait, dried 
and placed in a he^t not much greater than the 
hand can bear, takes fire. 

A Marine acid likewife diffolves this metal, and 
forms a deliquefcent fait, which takes fire from a 
candle, and burns with a blue flame. 

B Verdigris is made by ftratifying copper* plates 
with hulks of grapes after the juice has been prcff- 
ed out, the remaining acid forming this fubftancc 

c by corroding the metal. Verdigris diffolvcd in 
diftilled vinegar becomes completely faturatcd widi 
acid, and when cryftallized, i& improperly called 
diftilled verdigris. 

D Copper may be deprived of any acid by diftil- 

E lation, without any intermediate fubftance. The 
acetous acid, thus recovered fromxryftals of verdi- 
gris, is called radical vinegar (217, 2)^ 

When 
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When copper' is feparated from any acid by the *" 
addition of an alkali^ in greater quantity than is 
fufficient for the purpofe, the alkali diffolves part 
of the calx^ and gives the liquor a blue colour. 

Cauftic volatile alkali diflblves copper if the c 
aecefs of refpirable air be permitted. The folu- 
don is of a fint blue^ and yields on etraporadon^ a 
faline ma(s of the fame colour. It is obfervable 
that the alkaline Uquid remaips colourleis while 
the air is prevented from comm'unicadng with its 
furface> but that the blue colour extends gradually 
from the furface downwards, when the veflel is 
opened. A circumftaoce well explained from the 
confideration that the air combines with the cop* 
per and renders it foluble. 

Neutral falts> and alfo oils and fat fubftances^ h 
have a confiderable adion on copper. 

Copper mixes with the other metals. The x 
compofitiens moft generally in ufe^ in which cop* 
per enters as the principal party are brais and 
bell-metal. 

Brafs is compofed of copper and zlrvk. Ac- k ' 
cording to the proportion of zink, the brafs is of a 
yellower and paler colour than copper, and when 
the zink gready abounds it is white. Brafs is 
very duftile and malleable when cold, but brittle 
when hot. It is harder, more fonorous, and not 
fo liable to ruft as pure copper; and is alfo more 
fofible, and lefs fubjeft to fcorify in a moderate heat, 
Thefe properties, added to the beauty of its co- 

S3 lour. 
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lour, render it a very valuable material in thc?^;, 
arts. 

The fineft brafs is not made by thfc fiafion of 
copper and zink, but by the cementation of gra- 
nulated copper with pulverized calamine and char- 
coal. . The calamine^ which is ah ore containing 
zink in a calcined date, parts with its zink in tho 
form of vapour when revived by the charcoal j 
and this volatile femi-metal combines with die 
copper. The procefi lafts eight or ten hours, or 
even fomc days, according to the quality of die 
calamine, at the end of which, by an increafe of 
heat for a Ihort time, the bra(s is fiifed into a niais 
at the bottom of the crucible. The quantity of 
zink in jgood brafs, ' may be about one third. 
M Bell-metal is compofed of copper alloyed widi 
tin. According to the proportion of tin the com- 
pound becomes paler than copper, and when die 
tin amounts V to one third of the mafi, it becomes 
of a very beautiful yellowifli white. It is remarks 
able that zink, whiph is fcarcely at all malleabki 
fhould unite with copper into the malleable com- 
pound brafs; and on the contrary, the twomalk- 
able metals, tin and copper, compofe bell-metal, 
which is fo britdc, that it may be reduced to pow- 
der. The fpecific gravity of bell-metal is a cir^ 
cuipftance equally fingular; for in moft propor- 
tions of the mixture it is about, as heavy as the 
heavieft of the two metals, copper ; and when the 
tin is about one thirds its denfity is aftually greater 

tbafl 
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;^att that of copper *. The extreme hardnefs and 
?ibnoroufnefs of this compoundi together with its 
being lefs fubjedl to alter by cxpofure to the 
viciffitudes of the air, than any other cheap metal- 
lic compound pofleffing the fame properties, have 
recommended it in the fabrication of yarious uten- 
fils and articles ; a^ cannon, bells, ftatues, &c. in the \ 
compofidon of which, other metals, however, arc 
mixed in various proportions, according to the fancy 
or ' the experience of the artift. 

The attention of the philofopber is more parti- M 
cularly direfted to the mixture of copper tfiid 
tin, on account of its being the fubftancc of which 
the fpeculums of refledting telefcopcs arc made. 
For this purpofe there is required a metal capable 
pf an exquifite polifh, hard enough to receive and 
retain a figure accurately fujted to the regular rc- 
fle<51:ion of light, and not fubjeft to lofe its polilb or 
figure by the adion of air and the vapours ufually 
floating therein. Such a compofidon, it mull be 
confefled, isftill aTdefideratum j but the experiments 
and praftice of the beft artifls Ihcw, that pure 
. copper alloyed with pure tin, affords a metal equal 
at leaft. to moft of the lefs fimple mixtures 
given in bopks. As to the proportions, it is 
found that a fmall addition of tin renders the co- 
lour of copper whiter, and at the fame time hardens 
it confiderably. Thefe cffefts are more and more 
prevalent while the dofe of tin inarcafes as far as a 
certain point. Fourteen ounces and a half of tin to 

• jLcwis on Newman^ l» 97f 
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two pounds of copper, is a good compofition for 

o mirrors. One third part tin produces a whiter 
colour, but is too hard to be worked in the ufual 

p methods of grinding. If the dofe of fin be grcady 
incrcafed, a fofter metal of a bluifh white colour 
is obtained, which bears and retains a good polifli 
and figure, but does not feem equal to the yd- 
lowifli white. Some care and attention are re- 
quired in calling mirrors, that they may not prove 
full of microfcopic pores by the intermixture of 
calx. For this metal is cafily reduced to a calx, 
and burns with a purple flame in a ftrong read heat, 

0^ To prevent this, the copper mull firft be fufed in 
a melting-pot, larger than fufficient to contain the 
whole, and whofe wpper part is filled with pul- 
verized charcoal, and the tin afterwards added; 
and, when the mixture is . completed, the . whole 
muft be fuffered to cool, nearly to concretion, be- 
fore it is poured out. Or, which is ftill better, it 
may be poured out and again melted with a low heat, 
fuch as is merely fufficient for the purpolc. Among 
va/ious pieces call out of the fame fufion, the lat- 
ter proved always cleaner, better adkpted to the 
mould, apd of a more uniform texti^re when po- 
lifhed. The quantity of about one fiftieth part of 
arfenic added at the lall fufion greatly improves 
the denfity of the metal. 

R Iron is a metal of a bluifh white colour, more 
or lefs dark in various fpecimens, fubjefl: to ruft 
by expofure to air and moillure. Its tenacity, 
du£lility, and malleability are very great i and ic 

~ exceeds 
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exceeds every other mccal in ekftkity apd hard- 
ncfs. The appcafancc of prifmatic cbloura (25 1, v) 
on its polifhed furface takes place long before 
^nition. It may be ignited by a quick fuc<;cflioii 
of blows with a hammer. Struck with a flint • ic 
emits decrepitating %nitcd . pardclcs, iuch as can 
be obtained from no other metal by the &ttie means* 
It is eafily calcined by fire, but requires a rtoft 
intenfe heat to fiife it when pure. During its dc» 
compofition by heat, it exhibits ftrongcr marks of 
combuftion than any other entire metai It is even 
laid *, that the blaft of bellows will mmntam its 
heat after it has been ftrongly ijgnited and taken out 
of the fire I and it is certain that the end of an iron 
wire being made red hot and dipped in a jar 
c)f vit^ air, will be entirely consumed by die fuc- 
ceffivc combuftion of its parts. Very fine fhavingi 
are confinned even in the common air. In a white 
heat, iron appears as if covered with a kind of vamilh, 
and in this ftatc two pieces apphcd together will ad- 
here and may be pcrfeftly united by forging. Thb 
operation, peculiar to iron, is called welding. Iron is 
thought to be the only fubftancc in nature that has the 
property of becoming magnetical. Such other bodies 
as have that pn^erty, poffcfs it in a very flight degree, 
and it may arife from iron contained in them, as far as 
experiments have yet unequivocally ftiewn. 

Iron is more abundant and more univerfally 
diifufed than any other metallic body. Few fands, 

* Bjr Dr. Hookc 
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days, (tones, or waters of- rivers, fprings, rain, or 
fnow arc perfe&ly free from it. The parts of animal 
and vegetable^ fubftances have been alfo obferved 
to contain it. Native malleable iron has been 
found, though rarely. Its ores are either purely 
calciform, as in ochres and haematites; or die 

' calces are mixed chiefly with earths, as in fpars, 
^fper, boles, bafaltes, micas, &c. ; or the iron is 
mineralized with fulphur, as in pyrites, (17I9C) 
with arfenic in the white pyrites, or with both 5 
widi bitumen in the coal ore i or combined with 
the vitriolic acid in native vitriol or vitriolic 
waters. 

T The ores of iron, after roafting, are, fmeltcd in 
furnaces of various magnitudes and forms. Some 
arc thirty feet in height, their internal fhape being 
nearly the fruftum of a cone, whofe larger hafe is 
uppcrmoft. Near the bottom is an aperture, for 
the infertion of the pipe of large bellows, worked 
by water, or of other machines for producing a 
current of air, and alfo holes to be occafionally 
opened to permit the fcoria and the metal to flow 
out, as the procefs may require. Charcoal or coke, 
with lightgd brufhwood, ^ is firfl: thrown in, and 
when the whole iniide of the furnace has acquired 
a ftroog ignition, the ore is thrown in by fmall 
quantities at a time, with more of the fi^el, and 
commonly a portion of lime fl:one, as a flux. The 
ore gradually fubfldes into the hottcft part of the 
fiirnace, where it becomes fufed, and the metallic 
particles revived by the coal pafs through the 

fcoria 
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Icoria, and pofiefs the tower place. The quantity 
of fucL the additions, and the heat muft be re- 
gulated in order to obtain iron of a good quality ; 
and^ this quality muft likcwife, in the firft produd, 
be neceflarily different, according to the nature of 
the parts that compofe the ore. 

The bf ft caft iron, or iron as much freed from v 
heterogeneous matters as the ufual procefs of fmelt- 
ing can cSt& it, is not at all malleable, and fo hard^ 
as perfeftly to withftand 'the file. If this be kept 
!n fufion for a confiderable time, it boils, and 
muchfcoria is feparated; and by repeated blows of 
a large hammer on the mafs, when nearly at the 
meking heat> more extraneous matter is forced ou^ 
and it is rendered malleable. In this fiate^it-^is 
much fofter than b#fbre, and of a fibrous texture. 

3teel 13 iron in an intermediate ftate between w 
caft iron and irph which is foft, tough, and malle- 
l^ble. The iron run from ibme German ores is 
^und to be a good fteeJ, when for^d only to a 
certain ppint. But fteel is ufually made by ce* 
mentadon from the beft forged iron with matters 
chiefly of the inflammable kind. Two parts of 
potlnded, charcoal and one of wood aflies is efteem* 
ed a good cement. The iron bars are bedded, 
feparately, ot apart from each other, in this cement, 
in a clofed crucible, and kept in an equal red heat 
for eight or ten hours, at the end of which time 
they 9re found to be converted into fteel. If the 
'ccmentaupn be continued too long, the fteel is 
brought to a ftate refembling caft iron, being 

rendered 
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' fcndercd exceflively britdci incapable of being weld- 
ed, and apt to crack and fly in forging : but on the 
contrary, cementation with abforbent earths or fimplc 
ignition long continued, reduces fteel to the ftatc 
of forged iron. 

It is a valuable property of fleel, that though it 
is fufEciendy foft when gradually cooled, to be 
formed without difficulty into various tools and 
Dtenfils, yet it may be afterwards rendered more or 
lefe hard, even to an extreme degree, by fimply 
plunging it, when heated, into cold water. The 
hardncfs produced, is greater in proportion as the 
fteel is hotter and the water colder. The colours 
that appear on the furface of fteel flowly heated, arc 
yellowifh white, yellow, gold colour, purple, violet, 
deep blue, yellowifh white, after which the ignition 
takes place, Thefc figns direft the artift in re- 
ducing or tempering its hardhefs* Ignited fteel 
quenched in water, proves cxceffively hard and britde, 
but it may be reduced to the required degree of 
foftnefs by heating it till it exhibits a known co- 
lour. Soft fteel has a greater fpeciftG gravity than 
^hat which is hardened. 

Crude iron, by cementation with aniitial alhes^ may 
be brought up into a ftate refembling fteel, and ca- 
pable of being hardened by immerfion in water,- and 
a farther continuation of this proccfs carries it be- 
yond that point, fo that it refembles forged iron. 
But this management is mluch lefs efFeflual than 
forging, probably becaufe the impurities of the crude 

'-Qn arc not removed by it. 
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Tools and other articles wrought in ibrged iron, 
arc often cemented with a compofition of burned 
leather, horns, or the like fubftances for a flu)it 
time, by which a very thin ftratum of the external 
part is converted into fteel, and Is hardened by im- 
merfion in water. This is called cafe-hardening. 

The chief differences in iron appear to depend a 
on the prefertce or abfence of plumbago (169, v). 
When caft iron is diflblved in the vitriolic acid, a 
refiduc remains untouched, which b found to c6n- 
fift chiefly of plumbago, inflammable air being at 
the fame time extricated (179, a). Steel in the 
fame circumfliances affords lefs plumbago and more 
inflammable air. Tough, malleable iron, fimilarly 
treated, leaves fcarcely any refidue, but gives out 
more inflammable air than either of the other kinds 
#f iron. It is therefore feen that caft iron confifls 
of the metal combined with plumbago, and per- 
haps calcined, to fuch a degree as may be pro- 
bably neceflfary {jiZZ^ i) in order to be capable of 
fuch an union. Steel is a more perfect iron, nearly 
as malleable in its foft ilate as forged iron ; but in 
its hard ftate as britde as the crude caft iron. Pure 
forged iron is the metal itfclf alone. 

The iron obtained from various oi'es, or by va- c 
rious proceflTes, is found to differ in its qualities in 
feveral other rcfpefts, the caufes of which have 
not yet been fufficicntly examined. In particular, 
the iron of certain ores, efpecially if the fufign in 
the fmelting furnace has not been continued a 
fufficicnt time, has the quality of breaking in 

pieces 
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pieces under the hammer when ignited. This is 
called red-(hort iron> .and is fuppofed to contain 
arlbnic. 

D Such iron a» contains the phofphoric acid, is 
malleable when ignited and bjritde when cold. 
This is called cold-fhort iron. 

It The vitriolic acid diflblves iron readily, and 
forms vitriol (178, u). The metal of this fait while 
.in iblution is farther calcined by the conta6t of air, 
and is by that means rendered lefs foluble in the acid 
(^J3i ')• A quantity ofochreous matter or calx, 
dierefbre, gradually Ms to the bottom in that cafe, 
and the liquor, as well as^ the cryftals, obtained from 
it by evaporation, are paler. 

F Dilute nitrous acid diflblves iron and forms a 
ialine combination incapable of cryftallizlng* 
Strong nitrous acid corrodes and calcines a con- 
fiderable quantity of iron, which &lls to the hot* 
torn. 

c Marine acid likewife diflblves iron, and forms an 
incryftallizable compound. 

H The Pruflian acid precipitates iron from its fo- 
lutions in the form of Pruflian blue (ao8, w). 

I Galls and other afl:ringent vegetables preci- 
pitate iron from its folution in the form of a deep 
blue or purple fecula, of fo intenfe a colour as to 
appear black. The infufion of galls, and alfo the 
Pruflian alkali, are tefts of the prefence of iron 
by virtue of the precipitates they throw down. 
Acids diflTolve the black precipitate caufed by 

K galls: alkalis convert it into a brown ochre. A 

good 
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good and durable black iiik may be madie by the 
following direftions: To two pints of water add 
diree ounces of the dark coloured rough (kinned 
Aleppo galls, in grols powder, and of rafped log- 
wood, green vitriol, and gumarabic, each an ounce. 
This mixture is to be put into a convenient veflfcl, 
and well fhaken four or five times a day, for ten or 
twelve days, at the end of which time it will be fit 
for ufc; though it will improve by remaining 
longer on the ingredients. Vinegar inftead of water 
makes a deeper coloured ink ; but its aftion on 
pens foon fpoils them* 

Iron has a ftrong attraftion to fulphur. If a fc 
bar of iron be ftrongly ignited and a roll of ful- 
phur be applied to the heated end, it will combine 
with the iron and form a more fijfible mais^ which 
will drop down. A veflcl of water ought to be 
placed beneath, for the purpofe of receiving and 
extinguifhing it, as the fumes would odierwife be 
inconvenient to the operator. 

If a mixture of five or fix pounds of filings of ar 
iron be moiftened with a fufficient quantity of 
water to form a pafte, it will in a certain time 
fwell, become hot, melt, fume, and even take 
fire. The refiduum furniffies martial vitriol. This • 
procefs is fimilar to the decompofition of th^ mar- 
tial pyrites (171, d; 150, T; 124, n). The water 
feems to be ncceflary to enable the acid to aft on 
the iron. 

Iron may be allayed with all metals, except lead n 
and mercury. A coating of tin defends it from 

•ruftins 
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rufting bjr the ailton of the Hi and Other fijveac^ 
and is accordingly much ufed. 

o Tin is a metal of a yellowifh white cdour» not 
fiibjed: to rufl:> though its lcra|>ed or polifhed 
fiirface foon lofes its brightnefs. It is not quite 
fb ibft as Iead> has not much tenacit^j and is the 
fcaft heavy of any of the intirc metals* Under 
the hammer it is beat into leaves of about the 
dioufandth part of an inch in thicknefs, and might 
ealily be beaten to lels than half that thickneis^, 
if the purpofcs of trade 'required it. Long be- 
fore ignition, it melts at about the 410th degree 
of Fahrenheit's thermometer, and by continuance 
of the heat> flowly calcines into a white powder. 
Tin, like lead, is britde when heated almoft to 
fuflon, and being broken by the blow of a hair^ 
mer, exhibits a grained or fibrous texture. It m^ 
alio be granulated by agitation, at the dnie of 
its ^iHog from a fluid to a iblid ftate (247, x). 
Its calx refifts fudon more than that of any other 
metal, and from that property it is useful to form 
an opake white enamel, when mixed with pure 
gtafs in fufion. 

T The largeft quantities of tin are &und in the 
county of Cornwall in England. It is alio found 
in Saxony, Bohemia, and the peninfula of Malacca 
in the Eaft Indies ; but rarely in any bther coun- 
tries in fuHicicnt quantities^ to pay the charges of 
working. Nadve tin is feldom met with. The 
ores of tm are almoft always calces of that metal 
ia a cryftallized form, bedded commonly in a fili- 
7 ceous 



ceous matrix. Such are the white tin ipar, the 
. opake brown or blacl^ ore, the garnet ore, which 
abounds with iron, and the tin ftone, Thcfe arc 
all much heavier than any unmetallic fubftance. 
Tin has been found in Siberia, united with fulphur. 

Tin ores, when impure, ,are cleanfed from he- q^ 
terogeneous particles by pounding and waftiing 
(229, t). a flight previous roafting renders ^ 
the ftony admixtures more friable; and when 
arfenic is contained in the matrix, it is driven off 
by a ftrong heat, continued for a fhort time, the ^ 
ore being frequently ftirred to prevent its fufion. 
In the fmdting, care is taken to add a larger quan- 
tity of chartoal than is commonly ufed in other 
fufions; and, to avoid a greater heat than is ne- 
cclTary to reduce the ore, in order that the lols 
of ijietal, ^hich wpuld otherwife happen by cal- 
cination, may be prevented as much as poffible. 

Concentrated vitriolic acid diflblves tin in a boil- r 
ing heat During the folution, vitriolic acid air 
efcapes, and fulphur is formed in dark coloured 
particles, which are faid to fublime in their pro* 
per form * in the neck of the retort. 

Nitrous acid afts very powerfully on tin. To $ 
obtain a perfect folution, the metal muft be added 
a very little at a time, and all heat avoided; 
for if much tin' be put in at once, the cor-, 
rolion takes place with great rapidity and hc^t, 
and the metal falls to the bottom, in the form of 
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a white calx, infoluble in acids (233. i), and of. 
difficult reduftion. The fait, forme4 by the union 
of tin with the nitrous acid^ burns and iparkks in 
a red beat. 

T If cryftals of cupreous nitre (252, z) be grofly 
pulverized^ moiftened> and rolled up in ttn-foil> the 
fait deliquefces» and the nitrous acid begins to aA 
on the dn with heati nitrous fumes are emitted, 
the cupreous nitre takes fire> and burns likewift 
the newly formed portion of nitrated tin, 

w Marine acid diflblves tin with the afliftance of 
heat^ and affords cryftals by evaporatton. If cor- 
rofive fublimate be added to tin^ divided by pre- 
vious amalgamation with mercury^ the marine acid 
combines with the tb^ and comes over by diftil- 
lation^ in the form of a ftrong fmoking liqdd> 
which^ if diluted with water,,. grows opake^ and 
deports calx of tin. 

V Aqua regia difblves tin direftly, and when 
loaded with that metalj has a gelatinous appear*, 
ance. This Solution is ufed by dyers fcwr heighten- 
ing the colours of cochineal, gum-lac, -and fomc 
other red tindlures, from a crimfon, to a bright 
fcarkt> in the dying of woolens. 

w Tin combines with fulphur by fufion^ and forms^ 

X a britde mafs lels fufible than pure dn. If the 
amalgam of tin, with half its weight of mercury, 
be fet to fublime with fulphur and fal ahimoniac, 
each to^A in weight to the mercury, the whole 
being previoufly well mixed in powder, a fpark- 
ling gold coloured fubftance is obtained, which 

cohfifb* 



cdnfifts of tih ahd fulphuri .ind is called atirath 
mufivuni. The proccfs is thtis explamfed: as 
the heat increafts, the tin/by greater affihity, unit& 
t^fith the maririe add of thfc fal-amtnohUc, arid fets 
its volatile alkali at liberty, which flies oflf, too- 
ther wkh a portion of the fulphur, ih the forth of 
an hepar. T*he fllit^d tin rifts by fubllttladon, ^hd 
is found adhering to the fides of the veflWi The. 
mercury, which was only added to divide the tin, 
combines with part of the fulphur, and forms cinna- 
bar, which aUb fu]blimes. And the reriiaining ful- 
phur, with the remaining tin, forms the aurutn 
mufivum, which occupies the lower part of the < 
veflel. It is ufed as a pigmerft. 

Tin unites with all the metals. Clean iron r 
jdates, dipped in melted tin, become covered with 
a thia coating of that metal, and form a very 
ufeful material for making wholelbme kitchen ufen- 
,fils, and other articles. In perfoa-ming thii bufi- 
nels it is found neceflary, either to- dip the clean 
iron previoufly in a folutiori of fal-amnloniac, or 
to keep the. furface of the tin covered with fat 
and pitch, in order that the appofition of the two 
metals may not be prevented by the calces tha? 
the contaft of air might form on their furfaces. 
Thefe plates, which poffefs the cleanlinels of tin, 
added to the rigidity of iron, ar0 much uled. In 
England they arc called tin plates. 

Pewter is a compound metal, whofc bafis is tin* 2 
The beft pewter confifts^of tin allayed with a quan- 
tity not exceeding one twentieth of copper , or 

' T 2 • other 
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Other metallic bodies^ as the experience of die 
workman has (hewn to be moft conducive to the 
improvement of its hardnefs and colour. Tbe.ia- 
ferior forts of pewter contain much lead^ have a 
bluiih colour^ and are foft. 
A Ufeful compounds are made with tin, and a 
large proportion of copper (254, m), 

CHAP. XIX. 

OF THI SEMI-MBTALS, BlSMtTTH, NICKEL, KEGtT- 
LUS OF ARSENIC, COBALT, ZINK, KEGULUS OF 
ANTIMONY, OF MANGANESE, OF WOLFRAM, AMP 
OF MOLYBDENA. 

B Bismuth is a yellowifli or reddiffx white Icmi- 
metal, litde fubjeft, to change in the air. It is 
fomewhat harder than lead, and fcarccly, if at dl, 

I malleable, being cafily broken, and even reduced 
to powder by the hammer. The internal face, 
when broken, appears compofed of large fliinirig 
plates, difpofed in a variety of pofitions. It mcto 
zt the 460th degree of Fahrenheit. Thin pieces 
are confiderably fonorous. 

c This femi-metal is often found native. Its ores 
are either calciform or firfphureous. 

D Bifmuth is fcarcely foluble in the vitriolic acH 
and ftill lefs in the marine. Nitrous acid, or aqua 
regia^ diflblves it. The addition of pure water 

precipitates 
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precipitates its calx, and is the criterion by which' 
bifmuth is diflinguifhed aiid purified froita all other 
metals. This white calx, called magiftery of bif. 
inuth, or Spanifh white, is ufed as a paint for the 
jcomplexiozi, which how^jver it gradually impairs. 

MoR; metallic matters unite with bifmuth, and s 
are rendered more fufible by the addition. It is 
ufed in riaaking pewter, printers types, folder, &c. 
The great fufibility of the mixture of bifmuth^^ 
tin, and lead (232, c), renders itofufe in mak- 
ing coHars for the axles of fonie mechanica) inftrv- 
ments to run in. 

Nickel is a femi-metal pf a reddiQi white co- ^ 
Jour, of great hard[nels, fcarcely yielding to the 
file, and of an uniform texture. It is very diffi- 
,cult to purify it, and is fuppofed, even when 9$ 
pure as it has hitherto been obtained, to contain 
iron, as it* is magnetical. It is malleable, and 
fcarcely more fufible than pure iron. 

The vitriolic and marine acids do not eafily at- o 
tack this femi-metal. The nitrous acid and. aqua 
regia diflblvc it readily. Its. folutions are deep 
green. 

R«gulus of arfenic is of a bright yellowifl^ h 
white colour, fubjcft to tarnifli, and become black 
by expofure to airj very brittle, and of a lamel- 
lar texture. By heat it lublimes partly in the 
form of calx, and partly unaltered. The fume$ 
have an ofFenfive fmell, refenibling garlick, and arc - 
faid to be dangerous. 

t3 The 
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I The arfcnic met with in comnjercc is brought 
chiefly from the cobalt works in Saxony, for mak- 
ing zaffre and fmalt. The arfenic contained in 
great quantity in cobalt ores, is driven off by 
long torrcfadtion. Thcfe fumes pafs iqto and ad- 
here to the fides of a very long chimnc)^!^^ ^^^' 
ftrufted for that purpofe. Arfenic is a calx of Ac 
reg;ulus^ and contains no fixed air. It is ifo far in 
a faline ftate as to be foluble in eighty times its 
weight of water. 

K The regulus is obtained fromi this calx^ cither 
by quickly fufing it together with twjcc its weight 
of foft Ibap apd an cqyal qyantity'of min^al alkali, 
pouring it out, when fijfed, into an hot iron conej 
or by mixing it, in powder, with oil, and diftilling 
the whole gradually to drypefi. Tbie rcgulus 
fublimes towards the end. This procefs i^ too 
offenfivc to be made but in the open air, 

^ White arfenic previoufly divided ^y Solution ia 
boiling marine acid, is fo far calcined by repeatedly 
pouring nitrous acid on it, and diftilling it off, an4 
at laft raifing the heat to ignition, that it becomes 
• an acid, in the fgrm of a concrete white mafe, very 
folyble in water, and poffeflSpg peculiar properties. 
This is the arfcnical-acid, . 

M The aerated marine acid (ioi, s, t) likewifc 
affQr4s vital ^r to the arfenical cabc, and produce? 
the arfenical acid *. . 



♦ Thefe pi^ocefles are amply dcfcribe4 x^ Schcdc'a Chankd 
EiTays. London, 1786. 
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The vltfioHc acid «diilblves the regulus of N 
arfenic by boiling. The marine acid and aqua 
regia alio ^flblve it by heat. Nitrous acid calcines 
it<27i, l). 

Arfetiic in any form is a (trong poifon. o 

Cobalt is 9 femirnietal of a bluifh grey colour, p 
of confider^ble hardneis, and very brittle. When 
well ptiriSed it is nearly as infufible as iron. Its 
ores ar^ either calcifbrm> or it is ndineralized with 
the vitriolic or arfenical acid. They moftly abound 
^^ith arfenic^ and pontain bifmuth, iron, or other 
coetaiUc n^atters. 

Thefe ores have not been found in plenty, or q^ 
at leaft workied to advantage, except in Sa3cony. 
They are valued (qt the beautiful blue they impart 
to gla&, and are n^anu&ftiirpd on ^e fpot into 
7afFre and fmalt. The firft confifts of the cak of 
cobalt fimply mixed with pulverised flints, moiften* 
«d and prefTecl into calks. The latter is the lame 
calx fufed into glafs with yitriBable earth and 
alkali, and reduced to a fine powder, by quenching 
in water and Ipyigation, or rolling in ^ mill. 

Cobalt is eafily foluble in the nitrous acid or in & 
aqua regia, tQ which it imparts a red colour. 
The vitriolic acid fcarcely afts on it, ijnlcls boiling 
and highly concentrated. The marine acid has no 
a6tion on the regulus, but diliblyes the calces. 

Zink is a white fenii*me,cal, not fubjeft to ruift in s 
the air, har<ler than either lead or (in, ipalleable in 
a Certain degree and laminable, and fo tough that a 
|hin piece may be bent feveral tinics backward and 

T ^ forwafcj 
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forward before it breaks. Its frafturc exhibits Ihin- 
ing facets. Some time before ignition it melts ; when 
ignited it becomes covered with a white calx, and 
on the heat being raifed and the furface of the 
metal uncovered, it burns with a very bright 
flame, at the fame time that part of the calces are 
driven up in the form of a white fmoke, which floats 
in the air. 

T The. ores of zink, are either calces, as the zink- 
fpar, and calamine; or mineralized with fulphur, as 
in pfeudo-galena or black jack, and bjcnds of vari- 
ous colours. The fulphureous ores require torrcfac- 
tion. Zink is obtained from its ores by diftillation 
with charcoal, in c]ofed veffels in a reverbcratoiy 
furnace, their conftruflion being peculiarly adapted 
to preferve this volatile and inflammable metal from 
being diflipatcd or calcined. 

ij Zink is readily diffolved in acids. White vitriol 
•(179, r) is the only faline corn biqation of this me- 
tal found in commerce. 

V Sulphur has no adiori on this femi-metal; whence 
it is eafily purified, by burning fulphur on its fur^ 
face when in fufion. Thefe two fubftancesare unit- 
ed in ores by the medium of iron. 

V Zink is chiefly ufed in rnaking brafs and other 
metallic mixtures of the like nature (253, k, l,). 

' It is likewife ufed as a folder, known by the nam? 
offpelter. 

X Regulus of antimony is of a filvery white, not 
fubjedt to ruft, very brittle, and of a fcaly or plated 
tcx^re. It melts foon after ignition, and by a 
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continuance of the heat becomes calcined, and rile^ 
in the form of white fumes. By a more moderate 
heat it is converted into a grey calx, fufible into a 
kind of glafs. 

The moft commonore of this fcmi- metal is the v 
fubftance called antimony. It contains fulphur in 
combination with the regulusi is of a dark bluiih 
metallic colour, and its frafture refembles/ Ions 
Ihining needles. The regulus may be obtained by 
tx)rrefa6Won, by which the fulphur is driven off, and 
fubfequent fufion with inflammable matters. In ' 
the fmall way, four parts of antimony with three 
parts of tartar and one and a half of nitre are thrown 
a litde at^ a time inro a red hot crucible, and the 
heat railed at the end fo as to fofe the mafs. The 
detonation confumes much of the fulphur, and the 
coaly matter of the tartar revives' a confiderabje part 
of the regulus which is found at the bottom of the 
crucible. Or antimony may be thrown on half 
its weight of fmall pieces of iron or nails, firfl: 
made white hot in a crucible, and the heat being 
fuddenly raifed, after having covered the crucible, 
the ' mals melts, regulus of antiftiony being at the 
bottom, and the iron combined with the fulphur at 
jhe top. 

The mineral acids diffolve regulus of antimony z 
difficultly. The marine acid has very little effedl 
on it i but it is foluble in a conliderable degree in 
an aqua regia, confifting of (even parts nitrous and 
one marine acid> or in a mixture of the vitriolic 

and 
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and marine, or even of the vitriolic and nitrous 
acids. 

^ Much labour h^ been beftowed on this fenii- 
metal by the alcheipifts. ' It * furniflies fome very 
powerful ren>edies, but its medical preparations 
i-equire the gre^ct^fl: care and attention; bccaufe 
variations apparently of fmall importance in the 
procefles are fufficient to render its effc6b uVcr- 
tain, and even highly dangerous. \ 

X Regulus of antimony is ufed in various metallic 
mixtures, for printing types, fpeculums, &c. 

c The regulus of manganefe is a femi-metal of a 
duljcy white colour when newly broken, which 
grows brown by fpontaneous calcination on expofure 
to the air. It appears to' be lefs fufible than iron, • 
the larger pieces being fcarcely ever globular. It 
is very hard and brittle, and becpmes fpontaneoufly 
calcined in the air, fo as to fall fonietinies Jnto a 
brownifli black powder, heavier t:haq the regulus 5 
a circumftancc which does not happen when it is 
inclofed in a dry, well corked bottle. Its powder i§ 
magnetic. ' 

D Manganefe is the 'calx of this fcmi-metal. It^ 
colour is either white, blue, green, yellow, rcd^ 
brown, or black, according to its left or greater 
calcination, and the nature of the.fubftances it may 
be contaminated with, of which calx of iron is the 
chief. The brown or black calx is t6o much cal- 
cined to be foluble in acids, and has lefe attraftion for ' i 
vital air^ than any odier fubftanoe except nitrous I 
acid. 

6 . ' If 
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If a globale of micr ocofmic fait b^ melted on a x 
pkcc of charcoal, by means of the blow pipe, and s 
a fmall portion of the black calx of manganeie be 
added, a glafs will be formed of a bluilh red, or 
if the proportion of manganefe be greater, of a full 
red. The tinge will however totally dilappcar if 
the fufioii be continued with the interior or well 
defined apex of the flame. The brown or exterior 
part of the flame reftores the colour. And this 
may be repeatedly done. The fmalleft particle of 
nitre added to tfie clear glafs inftandy reftores the ' 
red colour : but vitriolic falts contribute to dif- 
charge it, as do likewife metallic calces, though 
thefe communicate each a dnge peculiar to it^ 
fclf 

The explanation of thefe fafts appears to be this : r 
the proper tinge communicated to glafs by calx pf 
Jnanganefe, when highly calcined, is red, but man- 
ganefe with alefs proportion of vital air is colourlefs. 
The fqfion by the interior apex may be confidered 
as a fufion in a clofe veffel, becaufe the furrouhding 
flame defends the globule ftom the contadl of the 
air on the greater part of its furface. The reduc- 
tion effected by the charcoal is therefore permanent, 
and produces the effedt of rendering the globule 
tranfparent. But when the exterior flame is ufed, 
this is not the cafe s for the circumambient air, touch- 
ing the globule in a much larger part of its furface^ 
, combines with it more fpeedily and in a greater 
Quantity, than the fmall fur&ce of contad between 
eke globule and the charcoal is capable of abforbing. 

The 



The colour therefore returns* The nitrous add in 
piGre calcines th<? manga!nefe» Vitrk^c lalts are 
decoaipoied and become fulphureous by coQtad of 
the charcoalj and thus attra£b vital air. Metallic 
tcalces^ as well by the coaly matter they often con- 
tsdn, as by their own i^ature, are more difpofod to 
pcrfedt combjiftfon than ^he calx of mgnganefe, and 
therefore deftroy tjie red colour. That thefe changes 
da not deperjd qq the greater or lefe quantity of 
conabuftible ma;:ter that ipay be fuppofed to be 
imparted by the interior or exterior apices of the 
flame, is clear, froqa the changes not taking place 
when the globule refts on a fupport of pure gold 
or filven 

I [The fame phenomena with fmall variation take 
place in other glaHibs. Hence a principal ufe of 
manganefe is made by th^ glafs makers, in clearing 
their glafs from the greep tinge imparted to it by 
calx of iron, from which they cannot wjth fufficient 
fecility free the materials they ufe. The green cOr 

J lour arifes from iron not fufficiently calcined j man- 
ganefe being, therefore added in ^ certain dofe, affords 
enough of vita} air tp render the glafs colourlefe. 
But if the dofe ^e not duly proportioned^ either its 
own red colour or the green will prevail ^ the lattec 
of which is thought to be the befl;. 

[ A remarkable efFeft of combuftion from the 
vital air in the calx of manganefe, is feen in 
the ore called black wad, from Derbyfhire. It 
is a brown pulverulent mafs, and. ufed as a pig-- 
ment. If half a pound of tliis be dried befpre ^ 
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iire> and afterwards fuiFered to cool for about an 
hour, and then two ounces of linfeed oil be gradu- 
ally poured on it and looicly mixed, in fbmewhat 
more than half an hour the mixture will grow gradually 
hot, and at laft burft into a flame. This effc£t kcm% 
to be analogous to the inflammation of oils by ni- 
trous acid (188, d). 

The vitriolic acid attacks the r^gulus of manga*- i 
nefe, and extricates inflammable air. A fpongy 
fubftance, of the fame figure is the rcgulus, however 
remains, which is probably an impurity. Alkalis 
precipitate a white cak foluble in acids. ^ 

The black calx when well calcined is fparii^y h 
taken up by the vitriolic acid, and this portion feems 
to be that which had not been well calcined ; for the 
remainder altogether rejects the acid. That this calx 
is infoluble (233, i) from an over dofe of vital 
air, is rendered clear, by adding fugar, honey, or 
any combuftible fubfl:ance, as by that means the 
folution is promoted and completed. The metals, 
not excepting even gold itfelf, produce the fame 

The nitrous acid diflblves regulus of manganefe l 
with' cficrvcfccnce, occafioned by the produAion of 
nitrous air. A fmall refidue is left. This acid adls 
very fparingly on the black calx^ . 

The marine acid diflblves the regulus and aHb M 
the white calx. It likewife takes up the black calx, 
which communicates to it a red colour, and takes 
off as much vital air to the acid as is neceflTary to 

its 



its iblution. The aerated part flics off in ydlow 
vapour9> fmelling like aqua regia (191^5). 

N Regulus of wolfnim * is a brittle femi-mctal of 
a fteel colour. Its Ipecific gravity exceeds ' that of 
every other body in nature, except platina and gold 
(17, w); and it has not been fufed into any mais 
of coniiderable magnitude^ being more refadory 
than manganefe* 

o The ores of this femi-metal are .the tungften, a 
ponderous fubftance of a grey colour and lamellar 
texture, containing the metallic calx, or acid united 

p to about its own weight of calcareous earth: and 
w6l&am, a mineral of a ftill greater Ipecific gravity, 
of a broxvnifli black, always opake, internally ihin- 
ing, almoft like a metiil, and of a cryftallized (oim. 
This laft is only found in tin mines, and contains 
about two thirds cak of wolfram, together with the 
bfack • calx of manganefe and calx of iron. 

q^ If pounded wolfram or tungften he digeftcd in tht 
marine acid, the manganefe and iroii of the former, 
or the calcareous earth of the latter, will be taken up 
in part, or extrafted from the external parts of the 
molecules. The refiduum, after edulcOration widi 
water, being digefted with volatile alkali, the wol- 
fram calx, or acid, will be taken up in part> 
or i^trafted from the furface. The refidue, after 
cdulcoration, will be again afted upon by the ma- 

* The difcovcrics of Scheele^ Bergman, and thcDc LnyartSf 
are to be found in " A Chemical Analyfis of Wolfr»ffl«" 
Printed in London in the year 1785. 

line 



rlite iacidi, whieh feiz€S anorfjer ftrati«n.of pftrtl- 
cles thut wer^ in the former digcftion defended 
from its adlion by the' wolfram calx, which th« 
digeftion in volatile alkali has removed. Vola- 
tile alkali being again applied, and^the akerna^ion 
continued for many vidillrudesi the mineral becomes 
almoft entirely diflblved j the pordons of aoid con- 
tain either the calces of manganefe and iron, or cal- 
^ careous earth, according td the mineral made tile of i 
and the volatik alkali codtaihs the acid of wolfram. 
The addition of niCrOus acid to this laft precipitates 
a lak, confifting b( the calx of wolfram, volatik 
alkali, and nkroiYs dcid. This fait is foluble in r 
water, ^though fparingly, and has acid properties. 
The firft diftover^rs, Sdheele and Bergman, called 
it acid of tungften. 

Fufioh of the ore with vegetable alkali, with s 
folutipn in diftUled Water,- will afford a foltition of 
the cabt of wolfram in the alkali. This * being 
evaporated to drynefs, may be de|)rived of the 
alkali by boiling with nitrous acid, and dccAhU^ 
tion, for two or more times. The adhering acid 
may be driven off by cakination, and leaver ihs 
pure calx of a brimftone yellow. The fame talx 
. is alfo ^ obtained by. calcining the "^ precipitate 
(280, r) from volatile alkali, tlie 4}itrous dcid and 
tlie alkali being driven off. 

The pure calx Is not foluble in water, but t 
makes, by . trituration, an dmuliion of fuffi^idnt 
fubtlety to pafs the filtre, and which does not ert- 
tircly fublide in three momhi. It has not this 
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cfFc6b with the vitriolic, nitrous, and marine acids. 
It is completely foluble in cauftic vegetable al- 
u kali, by the moift as well as the dry way. A fo- 
lution in water, and alfo in volatile alkali, of the 
precipitate by nitrous acid, from the volatile al- 
kali being added to lime-water, regenerates tung- 
ftcn, the acid and alkali being found in the fuper- 
fluent liquor. 

V From the ftrong difpofition of the calx of wol- 
fram to unite with alkalis and with calcareous 
earth, and its infolubility in acids, it may properly 
be confidered as a metallic acid, though it may 
not poffcfs enough of vital air to exhibit all the 
ufual properties. 

V By treatment in a crucible with charcoal, mth 
a ftrong heat, the calx of wolfram is revived into 
a regulus, being a brown mals, confifting of a con- 
geries of metallic globules, with a lofs of two fifths 
of its weight. Calcination turns it yellow as^before, 
-and its weight becomes augmented about one 
fourth. 

w This regulus is infoluble in the vitriolic and 
marine acids. The nitrous acid, and aqua regia, 
dephlogifticate it, and convert it into the yellow 
calx (280, s). It mixes with other metals, and 
forms peculiar alloys. Its calces tinge glafs. 

x Molybdena is a mineral fubftance, refcmbling 
plumb^o, but its laminas are larger, brighter, 
and in fome degree flexible, fo as to be very dif- 
ficultly reduced to powder. In an .open fire it is 
almoft entirely volatile. It is compofcd of ful- 

phur 



phvtr combined with a metallic acid. No acids 
adt on it but the arfcnical and nitrous. The firfl 
combines with its fulphur, and forms orpiment: 
the latter, five times diftilled from it, communi-^ 
cates vital air, and forms the molybdenous and 
vitriolic acids. This laft acid m^y be walhed off 
with water, which at the fame time carries off a 
portion of the acid of molybdena. 

This acid is in a white dry form, very fparingly y 
folyble in water. It has all the general proper- 
ties of acids, and others peculiar to itfelf. It is 
precipitable from its folution in water by Pruilian 
alkali, and by galls. Diftilled with three times 
its weight of fulphur, it again produces molyb- 
dcna. 

It has been reduced into a metallic form. 2 



CHAP. XX. 

CONCERNING PYROPHORI ; THE PHOSPHORUS OP 
BOLOGN:A, OF BALDWIN, ANi) OF CANTON j OILS 
ARDENT SPIRIT, AND ETHER. 

Theri' arc many compofitions that take fire on 
expofure to refpirable air. They are called pyro- 
phori. One of the beft is thus made. Two 
parts of burned alum, or alum* kept in a red heat 
rill it has Ceafcd to expand and fwell ; one part 6f. 
charcoal, and one part of vegetable fixcdv alkali 
being mixed in powder, are to be lightly preffcd 
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into the bowl of a tobaccp-pipc, or a fmall cru- 
cibic, fo as to fUl it about half or three fourths; 
the remaining fpacc is to be filled with fine writing 
fand, for the purpofe of preventing the immediate 
acccfs of air. This veffel being placed in a good 
fire, the fand is agitated for a few minutes by the 
cfcapc of elaftic fluid, and foon afterwards a blue 
flam« U feen to iffue fi-om the mafs, which con- 
timies about a quarter of an hour. The red heat 
being continued for twenty minutes or longer, after 
this appearance has ccSfed, the veffel may be taken 
- out of the fire, and when it is perfedtly cool, the pyro- 
' phorus may be knocked out, and muft be immediate- 
ly put into a well clofed phiaL A piece of this ex- 
pofed to the air for a (hort time, becomes ignited, 
with fome flight appearances of deflagration, and an 
D hepatic fmell. The particular or immediate caufe 
of the accenfion of pyrophori has not been well ex- 
plained. It feems as if the combuftible fubftancc 
xnade ufe of, enters into the compofition of ^n 
hepar, in which the connexion of the inflammaWc 
matter is fo flight, that it can unite with pure air 
with fufficient rapidity to produce ignition and com- 
buftion (125, n). 
.E It is a very general property of bodies> after 
cxpofure for a fliort time to light, to emit it again 
for fome time after it ceafes to fall upon them> 
as is eafily proved by receiving them in a darkened. 
room. Metals and water have not this property > 
neither do ores, vitriols, or oil, poffefs it in any 

• Prieftly's Optics, p. 369. 
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tJonfidferable degree Other bodies poflefi it in 
various* degrees. Heat caifts'thc ligKt to be 
femttcd more qiiicklvi and confequcntly with 
greater intenfity while it lafts, but the liiniinotis 
appearance does hot take place at all by mere 
heat without previous expofure to light. It is f 
laid, that coloured light is emitted again of the 
fame colour. Among fubftances that pofle/s 
this property in a remarkable degree^ the chief 
aire vitfiolated ponderous earth, or ponderous 
ipar, previoufly ignitfed among charcoal; called 
the Bolognian phofphorus: nitrated Calcareous 
earth, after ignition ; called Baldwin's phofpho* 
ru8} and calcareous earth ignited with flilphur. 
This lad is called Canton's phofphorus^ and is 
thus made, Calcind oyfter-lhellsi by keeping o 
them in a go^d fire for half an hour or more, 
and let the whiteft part be pulverised and fifced. 
With three parts of this powder mix one part of 
flowers of fulphur. Let the mixture be rammed 
into a crucible of about one inch and a half in 
depth, till it be almoft full, and let it* be placed 
in the middle of the .fire, where it muft be kept 
red hot for one hour at leaft, and then fct.by to 
cool. When it is cold, turn it out, and cutting 
it into pieces, fcrap^ off or fcltft upon trial thq 
brighteft parts, which, if good, will be a white 
powder, and maiy be preferved in a dry phiaj. 
with a ground ftopper. Expolure for a few fc- 
conds to the light of the day, will caufe it to fhine 
in the dark; or it may be rendered luminous by 
an eledric explofion made near it. 

\2 % Qils 
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H oik arc liquids, in general lefs fluid than Water, 
and remarkabljr lcl| fonorous when poured out. 
When heated lb as to fume, they are eafily fct on 
fire, and burn with a luminous flame. If the 
combuftion be not managed fo that refpirable air 
may h^ve fufBcient accefs to all parts of the flame, 
much fmokc is produced. They kave a coal be- 
hind. 

I In the combuftion of oil, for .the ceconomical , 
purpofe of giving light, a wick is made ufe of, 
confifl:ing of vegetable fibres, ufually cotton. . 
Thefc being dipped in the oil, one end of the wick 
is made to. protrude, and is fet on fire. The ca- 
pillary attraftion ( i, 46, w) fupplics more oil, 
accordingly as that in the heated part of the wick 
is carried oflF by the rarcfa<^ion and combuftion. 
If the wick be too large, the internal part of the 
flame will want air; if it be too long, more oil 
will iflue out of its pores in vapor than can be 
completely burned. In either cafe fmoke will' be 
produced. But by a due attention to the figure 
and magnitude of the wick and the fupply oi 
air, a bright flame may be produced without 
fmoke. This is done in the excellent lamp of 
Argand. 

K Oils are difl:inguifhed into the unguinous and ef- 

fential. The former are infipid, and without 

fmell,"^ not foluble in ardent fpirit, nor volatile in 

thok heat of boiling water. Acid of fugar has 

been obtained from. them. The latter have a 

ftrong fmeU and tafte, are foluble in ardent fp^nt,. 

and voladle in the heat of boiling water. Anitnal 

fats 
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fats refemble ' unguinous oils, excepting the oil ) 
obtained by diftillation from the gelatinous fgb- 
ftance of animals. This may be brought to re-, 
femble ether by repeated diftillations. Refins are 
of the nature of eflentiai oils. , 

Spirit of wine, or ardent fpirit, is obtained bj?. l 
diftillation from fubftances that have undergone 
the vinous fermentation (212, f, h), and are not 
arrived at the acetous. When well concentrated, 
it is very volatile and fluid, has never yet been con- - 
gealed, mixes with water in all proportions, and 
with an affinity fufficiently powerful to take it 
from moft faline fubftances; highly inflammable, 
(b as to burn without a wick, even when cold, and 
produces neither foot nor coal. Its flame is bluiili, 
and not very luminous. 

Ardent fpirit unites with acids, and renders if 
them milder than can be fuppofed to arife from 
mere dilution. 

If vitriolic acid be added to fpirit of wine, and 
the mixture fubmitted to diftillation, the produfls 
arc firft a very pure fpirit of wine, next a liquor 
called vitriolic ether, and, laftly, an oil. In this 
procefs it appears, that the aftion or combinatiqn 
of the acid is capable of converting, the fpirit into 
oil, and that ether is an intermediate fubftance be- 
tween fpirit and oil 

Ether is foluble in ten times its weight of water, p 
It is extremely light (18, w), and fo volatile, 
as to convert water into ice in a warni room, if ^ 
the w^ter be included in a fmall bottle, or tube, 

V J conftantly 






3^4 ITHER, 

conftantly wetted on the outfide with this flui4 
(i23> k). It b highly inflammable, burping with 
a white luminous flfamei and fqme sippearanc^ of 
footj but leaves no coaL 
o Ethers may be made with other ^ids as well as 
the vitriolic. 
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BOOK III. 



S E C T rOTJ IL 
Of Magnetifm. 



CHAP, h 

CONCERNIK O MAGNETISM ; THE MBTHOD$ OF 
COMMUNICATING IT, AND THE VARIATION 
OF THE COMPASS* 

That remarkable property which iron pofleffcs, a 
of becombg magnetical^ feems to ftand alone 
among natural phenomena. It is the only inftance 
of permanent attraftion which is fufEciently ftrong 
|o become the objeift of vulgar attention; and 
philo(bphers obferve its efFefts with lurprize anc^ 
fldmirationi while the molt cautious and rations^ 
^ are * obliged to confefs that the caufe is encij;el7 
unknown. 

A ftrait bar of iron, which in the northern i 
^ parts of the world has flood a long time in a ver- 
- tical poiitionj is found to have acquired the pro- 
perty of attracting otb^r iron at its extremities j. 
and, if fupported in a vefTel, fo as tQ float at/ii«i> 
berty upon watprj^ conforms itfelf to a direftion 
nearly iq the plane of the meridian i the end« 

y ^. whicl^ 
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which during its perpendicular fituation was down* 
wards, always pointing towards the North. This 
bar is faid to be tnagnetical; and the unknown 

caufe of thcfe and other concomitant efFefts is call- 

« 

ed magnetifm. 

Magnetifm may be given to iron, or rather ftecl, 
by many mediods. The difpofirion to conform 
to the plane of the meridian is called polarity, and 
is of fuch importance in its application, that the 
modern art of navigation could not be pra6Ufcd 
without it. The mariner's compafs is thus con- 
ftrufted. A flat thin bar of fteel, rendered nragne- 
tical, is faftened underneath a circular v card, di- 
vided into points (56, k), fo . that the dircftion of 
its length may correfpond with the line ns (6g. 
132). This bar is perforated in the middle i and 
in the perforation is fixed a brafs cap, hollowed 
out conically, which confequently is in the center 
of the card. The card thus provided with a 
magnetical bar, is then fupported horizontally, by 
•placing the cavity of the cap on an upright me- 
tallic point, and is ^therefore at liberty to revolve 
into any horizontal pofition. But the bar, which 
is ufually termed the needle, conforming itfelf to 
the "meridian, caufes the fleur de lis of the card 
to point to the North: confequently, the other 
divifions muft denote the refpcftive bearings of 
the points of the compafs. This card being thus 
lufpended in a hollow box, and defended from 
the wind by a pane of glafs, with the addition of 

a contrivance to prevent the cfFc^s of the agita- 
tion 
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lion of the (hip, is the mariner's compafs; bf 
the hdp of which, veffcls are enabled to ftecr 
their courfe with fafety in the <iarkefl: ni^ht, arid 
at any diftance from fhore, 

, Jn the examination of the magnetilm of various o 
bodies, as, for example, platina (240, 5') or 
nickel, it may be pf importance to know the de*- 
grees of magnetifm as difcoverable by experi- 
ment^ which arc the following. The wcakcft is 
Vfhe^ a body floating on. water flowly follows a 
ftrong magnet, held almofl: touching it; the next 
is when the magnet can repel as well as attradt 
the body; a ftili ftronger degree is, when the 
body conforms its pofition to that of the magnet 
held oyer it; .the fifth is, when the body left to 
itfelf affumeg a particular pofition, and returns to 
it when difturbedj the fixth is, when the body, 
taken out of the water, and brought near a light 
compais needle, caufes it to deviate from the 
magnetic meridian. All ftronger degrees of mag- 
^petifm may be obferved by lefs delicate methods. 

The ends . of a fimple magnedcal bar arc c 
called its poles; and. that pole, which, when 
at liberty^ -would point . to the North is cal- 
led the North-^pple, and the other is called the 
South-pole. 

Univerfally, in tw© magnetical bodies or mag- ir 
nets, an attraftive force obtains between the North- 
pole of one, and the Scu:h-pole of the other, and 
a repulfive force obtains between poles of the fame 
pamc. But the repulfive force which exifts be- 
tween 
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twcen poles of like names, but unequal power, 
is changed into attraftion, when the diftancc 
is fufficicntly fmall. From thefe critcrions it is 
cafy to determine the names of the poles of a 
magnetical bar, by applying it near the fufpendcd 
magnet, whofc poles are known. 

ff.6 If a bar of iron, which is not magnetical, be 
lield in a vertical polition, in North latitude; its 
lower point becomes a North, and its upper ^ 
Soufli polej and thefe poles may be rcverfed m- 
ftantly, and as often as required, by revcrfing the 
pofidon of the ends ; for the lower wiH always be 
North, and the upper South, But a few ftrokes 
with a hammer at the upper endi will fix die 
poles in their laft pofition, fo that, after the re- 
verfing it, the hammered end will ftill continue to 
be foudi, though lowed. Yet, the magnetical 
power is much the greateft when the hammered 
end is uppermoft, and the effcdt of ^he hammering 
difappears in a few hours. 

H A bar of iron being fufp^nded on an axis, in 4 
very nic? equilibrium, the North end preponde- 
rates when the bar is rendered magnetical, fo that 
it becomes inclined to the horizon, in an angle of 
about fevcnty ^degrees in thefc laritudes. This is 
called the dip, ^nd decreafes in places more to the 
fouthward, and even becomes inverted in places; 
Stuated confiderably on the other fide of the equa- 
tor. The bar ^hus fufpendcd is termed the dip- 
ping-needle. 

^ M^Pctifn^ 
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Magnetifm may be given to a bar of iron, by j 
placing It firm in the pofition of the dipping- 
needle, and rubbing it hard all one way With a 
polilhcd fteel inftryment. Iron alfo becomes mag- 
netical by ignition, and quenching it in water, in 
tfee pofition of the dipping-needle. 

The touch of a magnet communicates the like k 
virtue to other iron, but the quanrity or degree 
which the famp magnet can communicate, de- 
pends gready upon the manner in which the touch 
is performed. If two equal, ftrait and uniform 
magnetical bar$> with fjat ends, be placed to- 
gpther endwife, the contrary poles touching each 
pther, they will form one fingle magrret, and will 
communicate a ftrong degree of magnetifm to 
another bar by the following procefs: let the lafl: 
mentioned bar be laid in the direction of the 
magnetical meridian, and let the others, each of 
which ought to be at lead as long as the bar to 
be impregnated, be laid ppon it in their conjoined 
ftate, fo that the place of junftion may be over 
the middle of its length, and their poles in the 
proper direftion* Then feparate the two magnets, 
by drawing them afunder along the furface of the 
bar, and conrinue to feparate them till their ends 
^re at a confiderable diftance from its ends. Join 
them again, without altering the fitoation of their 
poles, by a circular motion of the hand, (b that 
!they may meet at fome diftance" above the center 
^f the bar, and lay them again upon it as before. 

Repeat 
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Rq)cat this operation on both fides of the bar till 
it has acquired a fufGcient degree of n>agnetifiii. 
The maximum is generally obtained afcer twelve 
or fourteen flrokes. 

A bar of iron receives the touch more ftrongly 
when it is fupported by, or in conta6b with, an- 
other much larger ; and a combination of magne- 
deal bars 'will produce a much greater efFeft than 
a finglc one. Soft fteel acquires the magnetical 
power more readily, but does not prefcrve it fo 
long as hard fteel. On thefe, and other confide- 
rations, experiments have been multiplied, and 
^various methods invented, of giving to fteel the 
utmoft degfee of magnctifm it is capable of re- 
ceiving. For example, fix bars of ft;eel may be, 
rendered flightly magnetical, by affixing each fuc- 
ceffively to ^ poker, and flroking it feveral times 
from bottom to top with the lower end of an old 
pair of tongs j care being t^en to keep both the 
poker and tongs in a vertical pofirion. For, thefc 
utenfils, by long ftanding in a vertical pofitioo> 
are almoft always poffefled of a fixed magnerifm; 
the lower ends being North poles: Now, if four 
of the fix bars be united into a thick compound 
bar> the magnetifm of the remaining two* may be 
greatly incrcafcd by touching with it. Thcfe two 
bars may then be fubftituted in the room of ^ the 
two outcrn^oft ' ii:i the compound bar, which will 
become more powerful by the exchange, and the 
two, which were taken from the compound bar, 
inay b.e touched in their turn. Thus^ by reiterated 

changes. 
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changes) and touching, the bars will at length 
acquire as much magnetifm as they are fufceptible 
ofi and more than they can retain for any long time. 

The force of magnetifm is exerted through all n 
fubftances, iron excepted, and it has not been ob- 
ferved that it luffbrs the lead diminution by the 
ioterpofition of any foreign matter; Magnetifm 
is deftroyed by ignition ; and a heated bar of iron 
is not attradled by the magnet till it is juft upon the 
point of lofing its rednefs. 

The loadftone is a ponderous ore of iron, a 
ufually of a dirty black colour, and hard enough 
to emit fparks with fteel. It is found in moft 
parts of the world, and poflefles a natural mag- 
netifm, acquired moft probably from its fituation 
or pofitioft ' with relpeft to the earth; This mag- 
netifm may be, as it were, concentrated, and \ 
made to aft much more ftrongly by covering its 
polar extremities with fteel. The fteel thus ap* 
plied is termed the armour of the loadftone, and 
requires fome management, as to figure and thick- 
nefs, to produce the greateft poflible efFcft/ For- 
merly all magnetifm was originally obtained by 
communication from the loadftone, but the power ^ 
of impregnated ftecl-bars fo much ^ exceeds that 
of the natural ftone, that this latter is litde efteem- 
cd, except as an objeft of curiofity. The mag- 
netifm of the loadftone is in all refpcfts fimilar to 
that of a bar of iron or fteel. 

The attr^ftion or rqpulfion of two magnets de- ' r 
creafes as the dift^ce increafes^ but not according . 

to 
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to any ratio of the diftancc. On this accouiit i ' 
magnetical bar, which is at liberty to aiTume any 
horizontal pofition, as, for example, a needle 
floated on water by means of cork, or the needle 
of a mariner's compafs, being brought into the 
vicinity jof another magnet, will affume fuch a fi- 
tuation as fhall conform to the attradive and rj^** 
punive powers' as much as poffible. Thus; if t 
fufpendcd magnetical needle be brought near an- 
other magnet, it will place itfelf in a pofirion pa- 
rallel to the axis of the magnet, if the poles of 
contrary names in each be mutually equidiftanti 
but if the North pole of the fufpended needle be 
never the South pole of the magnet than the two 
other poles arc to each other, its North end will 
be moft attrafted, and confequently muft incline, 
fo that the axis of the two magnets will form an 
angk greater or lefi, according to circumftanccs. 
Q^Suppofe now a finaU magnetical ^bar, fufpended fo 
as to be capable of affuming any pofition what- 
foever, be placed upon, or near the furfacc of a 
very large globular magnet. It is evident, in this 
cafe, that the two ends of the fmail bar, being rer 
fpedively attrafted by the contrary poles of the 
globe, will always be found in a plane pafling 
through thofe poles : or in other words, if circles 
or meridians be fuppofed to be defcribed on the 
globe, interfering each other in thofe poles, the 
magnetical bar muft always be in the plane of one 
of them* But its fituation, with regard to the 
Ipherical furface, will be governed by the exceis of 

attradion 
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attra6lion in the neareft pole. If the bar be 
fulpcnded immediately over the North pole of the 
xiwgnet, it muft ftand perpendicularly, with i{i 
South end downwards i but if it be gradually re- 
moved along the furfac^ , towards the South pole, 
the ijicreafing adion of this laft pole will caufe it 
.gradually to incline that way. At the equator it 
will reft parallel to the furface ; and in approach- 
ing ftill nearer the laft mentioned pole, its North 
end will incline towards the furface, till at length 
it will ftand perpendicularly over the South pole 
of the great magnet, with its North end down- 
wards. For the fake of concifcnefs, the poles of 
the great magnet are fuppofed to be equally ftrong j 
which, however, is feldom the cafe. 

This reafoping may be exemplified by placing a & 
/mall piece of fewing-nccdle on the furface of a 
Iphcrical magnet or loadftone. Its pofidon is 
found to vary according to its fituation with re- 
fpedt to the poles. For the fame reafons> ftecj- 
filings, gently dufted through a rag upon a magnet, 
adhere to it in a very curious and amufing man- 
ner. The filings, acquiring magnetifm by the 
contact, adhere together, and, form a number of 
fmall magnets, which arrange themfclves in con- 
formity to the attractions of the poks of the ori- 
ginal magnet. 

From obfervations of this nature, it was very > 
early fuppofed, that the globe of the Earth afts as 
a large magnet, upon all other magnets: whence 
they naturally tend to conform to the meridian or 

linii 
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T line which joins the poles of the Earth. Ahdttitf 
dipping of the needle is readily (hewn to arife from 
the vicinity, and confequent ftronger attraction of 
the pole towards which the inclination is made^ 

u The needle of the mariner's <:ompafs varies from 
the true direftion of North and South. The angle 
formed between the magnctical sltAs of the needle 
and the meridian of a given place is called the va- 
riation of the compals, and differs in different 
places both in quantity and dire£tion of the needle^ 
From the phenomena of the variation it is proved^ 
that the magnetic poles of the Earth mull be more 
in number than two, and that they do not coin- 
cide with the poles about which the diurnal rota* 
tion is performed. 

V The variation of the compafi does ndt continue 
fixed and unalterable at a given place. ThuSi at 
the Cape of Good Hope in Africa, near which, at 
its firfl: difcovery by the Portuguefe, there was no 
variation; the North point of the compafs, iii 
1622, varied about 2"^. to the weftward: in 1675, 
it varied 8^. W. in 1700, about 11°. W. in 1756, 
about 18^. W. and in 1774, about 214°. W. 
Regular, though very different mutations have 
been obferved in almoft every other place on the 
globe. The needle of the compafs is like wife fub- 
jeft to a fmajl diurnal change of pofition, and 
is fometimes confiderably agitated during the ap- 
pearance of the aurora borealis. 

w The obfervations which relate to the magnetifm 
of the Earth have not been continued long enough 

• to 






iSotd a foundation for a good theory. Dr. 
I^alley's hypothefis^ chough formed n^ai! a cen* 
iury agOi dill poflefles as gre^t ^ Ihare of pro- 
bability as moft that have been dfFered fiilc^* He : 
fuppoies the Earth to conlift o( two di(iin(5fc parts, 
an external ihelli or hoUow ipherei and an in- 
ternal nucleus or globes loofe and detached in the 
cavity^ having the fame center pf gravity witii 
l^e external part. Each of thefe parts he regards 
as a feparat^ magnet^ endued with two pblesy 
their magnedcai axes hot being coincident. A 
compafs-needle on the external Air&ce muft there- 
fore be aded upon^ as if by a magnet with four 
pole&i From the phenomena he determines thel 
ficuadon t)f the feveral poles i and dius explains 
the variation. But as the variation changes irt 
procefi of time a( any. given place^ it follows^ 
that thefe poles do not keep the fame pofioon 
with refpeA to the forface of the Earthi and to 
each othef» Tht!l moviiment he accotints fqr» by 
fuppofing that the diurnal modon of the Earth 
was impreO^ fi-dm widiout^ and that the velocity 
of the internal parti or nucleus^ is fomewbat lels - 
than that of the external part, or fbell^ Confe- 
quendy the nucleus muft feem to revolve (lowly 
to the weftward> and its poles muft defcribe kSkt 
circles about the poles of *the Earth. And as the! 
relative pofmon of the four magnedcai poles 19 
each otherj ' aqd to the poles of the Earthy /a 
changed, fo muft likewife the dire&iail of th4 
Vol.il X Decdlej 
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needle. Or the ftiigle it mlikes with th« meridian, 
be altered.' * 

Tbusi a kind of regularity prevatk in the in* 
creafe and decreafe of the variadbil> and aUb the 
diredbion of the variation which ibip6 ' obfei'tre as 
they fail ^ to various parts of the ocean. ^ In the 
Atlantic ocean to the North, • and eailward, and 
all over the Indian ocean, except ijl the b|y of 
Bengal, a weftcrly variation obtains; but to the 
weftward of iei certain fine, at which there is no 
variation, all along* the coaft of South AiAcrica, 
and in the Pacific ocean, as fer as the i40thtfc- 
grec of weft longitude, an eafterly variation id feb* 
fervedj and \ci the whole Pacific ocean bcfides, 
the variation is probably to the Wcft,^unlefek 
may bfc conjeftured -that an eafteriy variation 
may W found iii the^ regions to Ac north wwd. 

s > When the varktiofi ^haf^es qoittkly in running 
upon-cfc' partiHel, as is the caie in the: feuriicm At- 
lantic, 'ahd great pa?r 6^ the- Indian oc^am, tic 
longitude* inay be detekfi^Md wkh a'Coafideiable 
degri?e*df correftnefs a« feat For dbe tpagnetic 

- azmiutii of the Sui^ iway b^eafify obfrrrsd in mo- 
derate-weather to the certakify of a Idii erirfir dan 
ten minCrtes of a degree} whfeh i» the fttntera 
Atl^de oecan- arifwens to-' about .twi<?e that qtiaO'^ 
^ty &i- longitcfde. &y eompttring ^m obfcrvd 
variatiOfi with' a chart, the lonj^tode xssSf be 
feiOA^iii The principal itupectimexic in the wajr of 
this method ysj, the want of iucfi; t, chart ckxafonr 
ally renewed, 

* ' The 
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The beft modern opinion concerning the caufe a 
of the change of variation of the compafs is this. 
From the magnetifm of the Earth as well as from 
the produfts ejefted by volcanos (227, f), it is 
eftablilhed that yaft quantities of iron exift in the 
bowels of the Earth in virions ftates. The . fame 
volcanic eruptions, and the phenomena accom- 
panying themj liteM^ft ftieiy- tha^, , chemical pro- 
ceficsj on a fcale of prodigious magnitude^ are 
continually carrKd . QJijfi. . Aofc regions. The fer- 
ruginous combinations being varied by thefe. It 
muft happen thac imipcnfe maffes will be either 
more or lefs phlogifticated; according to the na- . 
tvife of the proceft by -^hfch'fufh chihgi Ts made. 
Nd#^ it U ^ell kh05i^ th^t irtfil And i^ coiiibina. 
tions are more fufceptible of magnetifm thi Hdirer 
the metal approaches to the reguline (late : and 
H^nfeqiiend/ the ^opertreS of the whole terrcltrial / 
irikgiitt muft cH^r^i atcordirigl^. 
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Concerning Eledlricity, 
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CHAP. I. 

) 

OF TH£ BtECTRIp MATTER ; ANP THE METHODS 
AND APPARATUS FOR MAKING EXPERIMENTS 
WITH -IT. 

If a tube of glais, an inch and half in diameter 
and abdut three feet long, be rubbed^ by rer 
peatedly drawing the hand or a piece of leather 
from one end to the other, it will become elec*» 
trie. So that fmall flafbes of divergent flame, ra- 
mified fomewhat like trees bare of leaves^ will dare 
into the air, from n)any parts of the furface of the 
ttibe, to the diftance of fix or eight inches, attended 
with a crackling noife; and fometimes fparks of 
tnore than a foot in length will fly along the tube 
to the rubber. This luminous matter is called 
ekdricity^ or the electric matter, and will fly froih 
d^e tube to other bodies brought within a certain 
diftaoce. 
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If a homogeneous body be prcfcntcd to the c?:- t 
citid tube, fo as to receive cleftricity from it, and 
the ele6tricity remain at or near the end or part 
prcfcrited, without being communicated to the reft 
of the body, it is called a non-conduftor or elec- 
tric. But if, on the contrary, the eleftricity be thus c 
communicated to every part, the body is called a \ 
conduftor, or non-eleftric. In the ufual tempe- d 
ratufe of the atniiofphere, metallic fubftances, char- ' 
coal, and water, arc conduSors; moft other bodies 
are n(»i-condu(51:6rs. 

A conduftor dannot be eleftrified while it com- ^ 
municates with the earth, either by dirc<St conta^ ' 
or by the intcrpolicion of other conductors, becaufe 
the cledlricity is immediately conveyed away to 
the earth. But if a conduddr be fupported by an r 
eleftrlc, fo as not to communicate with the earth, 
it is fa.id to be infulated. 

The greateft quantity of eleftiicity is colletjed o 
on. the furface of a non-condu6lor, when it is rub* 
bed by a conducing fubftance. If the rubber be 
infulated, it will alfo be put into an ele<5tric ftate, 
fo ihat (parks will pafs betweeo it, and other neighs 
bouring bodies, 

Jf gn infulated conduftor be elcftrified, either by h 
friftion, cpmmunicatioiv (302, b) or otherwife, it 
will be deprived of itfcftric ftate by the drawing 
of a fingte fpark frptp any part Aj^reof by anotficr 
tjninfulated conduftor, becaufe of the facility with 
which the eleftric matter i^ convcyjed through «;$ 
/ubftancc. But non-condudors, firniiarly treated) 

-^ J »re 
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arc depriycc^ of their t\d3:r\c ftatc only in ^bc 

vicinity of the place from which the. fpairk va^ 

drawn. 




bodies, which iaft, i( not large and, heavy, will fly 
throuafi the air to the eleftrified body, where they 
remain till they haye, tby conin^unication, acquired 
the. fame ftatc, w^en. they are, repelled. If -an uqr 
infulatcd conduftor be ,at hand/ it will attract 
the fmall body thus eleftrified, and, deprive it/oC 
its cle6trk fU^e. ..So that it vJU, be ^in atc^ftqd 
by'the ele&ified (ppdy, and.repclle4 asb^forc, ai^d 
Will continue to.pafs amd repafs . between the two 
for many v|ciffinjdes, (jill (jhe ciedric ftatc is, en-- 
tirely deffroyed. . ... 

K No experiments have yet been made, that ihew. 
wherein the' difference between ejei^rics. and noa- 
cleftrics confiftsj but .whatever the condudtina 
power m^y depend on, it feems to- be governed* By 
the heat *6f the, body : glafs, rcfin/ ' baked wood'^ 
tir, and many' otiier non cohduftbrs, are conduc- 
tors when made very hot; and, on the contrary, 
ice cooled to 13^ below o, on Fahrenheit s fcale, 
becomes a non-conduftor or eledric body. 

• . r. • , . ' • >\ 

%s * There is therefore fome ground to conjedlure 
that the difpofltion to condudl. eledtricity i^ .proK 
duced in metals by a very low degree of heat,' in 
water by a greater, and in refins and glafs by de- 
grees ftill greater j or generally that there i$ a cer- 
twn degree of heat at which a given body may be 

at 
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M die : me&im beewtea: perfe^ condu&iQgj, and* 
non-^ondttftingy above .whick degree it llteecdPnes a 
cotx}u6ter> and beheath, anon-conduiSfcdr* If this m 
^be. ttue. it vnU - 6iHoW| tla£ cohduAora arp bodies 
vhofe. ekx^rtc or ;ntm-»CQnductrng ftajbe is ))Iaiired( 
ai ift tempei^re f^ - jpekvr that >viiich is ufualific 
the atsnofpbcre, and tbat:miQ-condufiioca arc tbole 
whafe conducing ftate iri placed at a degree of 
heat kr above tbe mean teiinperatuirei 

That eledlricity^ U Fed matter^ aiid not a mere n 
pfOpcrtf, feeois to bd evident from a varietf of cir* 
cumftanc^. When' it paffis between bodies^ h 
divides' thfe air, arid- piits k intor thofe undulations 
(6$, n) in wMcb Ibtiild dotofifts. It cmit^ ihc rays 
of fight in every dired!on;:and^thofe- ray^ afre va- ^ 
rioufly refrangible, and colorific, as other light is,- 
Apicf if Kght be acknowledged to be riiatceri ft is 
contrary to reafon and experience toi fiippoie, that 
-the ^ing which emirs it ftonld not fifeewife be^ 
materbk Neither are die iothep feitfe iftn^(Aed 
at i«s prefence; its fmell h ftroiiigly phofphoreaj' 
or Ailphureous, fo that when^ tbe^ air ef a Foom it 
rendered highly eledbic, many pcrfons have com- ' 
plhtfied of an unufual^ and dtf&greeablc ibnlation* 
in the head from that caufei The- fenfcof feeling* 
is a> v4tncfs of its prefencdi not oply 'from the 
fj^arks, which, when i«ceived< from' the' (^MKkidtop 
of a powerful machine, are very pwigcnt, an<*- 
vHlt^pafs^ through two* or thrtc'pcrfonsftaading om. 
th^' ground, buo aUb^ftom the fliocfe, ivhofe eSt6!tsh 
are to t(e deibribed: y^d a* ftre»n of thc<ele£bric 

^ X 4 matter 
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matter received on the tongae has an evlden^ 
fubacid tafte, which remains fome little time after* 

9 As the exciting a tube is very laborious for the 
operator^ and the eledridty procured by that means 
is fmall in quandty, globes or cylinders are much 
more ufed. Thefe, by a prosper apparatus) are 
made to revolve on their axes after the manner of 
a grinditone, and a rubber t>f leather is a{^lied ta 
the equatorial parts of the revolving gla&» which 
become clcftrical by the fri^ion. The clc<Etricity 
of the globe is received by a metallic condudtorj^ 
infulatcd by ^ glais^foptj or fupporter. This con-t 
dudor being conftantly eledrifiedj ^nd at the 
fame time fteady and mptionlefs^ is much better 
adapted fpr niakipg ^jcperimen^s dw) the globo 
itfclf, 

p . A cylinder or globe thus fitted up to revolve oq 
its axis, ^nd provided with a rubber and an in-n 
fulated conduftor, is called an ejeftrical m^?hine. 
The contrivances for the revolution of the cylin^ 
der or ^pbe vary in different machines, as like-e 
lyifc the tne^hod of infidating the cpndudor. The 
cpndufbor is in general fupported by a ftick of 

yarnilbjcd glaf^ or baked WQo^, ^ foRiepimes it i$ 
fu%ended by Hlk ftrings, 
^ Figf 162* reprefents an eleftrical machine^ 
The glafs cylinder c» i$ one foot in diameter and 
ninjcteen inchiss long, ^nd is tqrned by a wheel 
and ftring, as (hewn in the drawing. The rubber 
fyjc cufhion is fupported behind the cylinder by 
two upright fprings th^i: appear beneath^ «nd are 

faflene^ 
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^ened to two crofs bars of glals. 8 is the con-* 
duftor fupported on two pillars of glafs. From 
the end neareft the cylinder^ . ifTue feveral points § 
^nd at the other end the ball r projedbs by meant 
of a wire. The baU b is not infulated> and ferves 
to draw the fpark fronfi f. d is a cham, ufu^ily 
hung to the culhion. The iparks given by die 
ConduAor of a machine of this conftruAion and 
magnitude are from 12 to 14 inches long. 

Fig. 162 f is a drawing of Naime*s patent ele£h*i« % 
Oil machine. The cylinder c is ileven inches m 
K^ameter and about one foot in lengthy but the 
length of the rubber is no more than eight inches* 
The working parts at tile end^ of the cylinder are ^ 
entirely of wo6d» and are fupported by two pillars 
of varni&ed glafs each of a foot in length. The 
conductors a and b> are fupported by like pillars 
of the fame dimenfions. The two condudkors are 
niade of tin» and lie parallel to the. length of the 
cylinder^ They are exaftly alike, excepting that 
the rubber is fiiced between the conductor a and 
the cylinder, and a row of metaJlic points iifije 
towards the cylinder from die other conductor b. " 
The iniulation of thb excellent fmall machine, is 
lb perfirft, diat on the addition of a lai^er conduce 
tor to either of the others, it will give denfe ^rks 
of nine inches k)ng to a ball of 2^ inches diameter. 
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GON;P¥lL]^iica; £xciT4.Tiair» the two mfkeukt 

S^tWe^ Ofi; ELMT^lCnVi AMD) tWL £E)FAGrr3 OH. 

Yjtr fittk eledfcrfidcty i$ cosotied bjr t};ie fri&kHi 
twtwem two. .cfe(3rics oc two condu6torSr The 
i^oft &voprable circumftaagos for producing diis 
cfl^^feem (o& ioe* when a perfect ^kdcic is ruhri^ed 
byi * prtc^ condu&oji (jd?, c). 

Tbf rubber of ao de£bical .iaaiikioe< k ufiialljr' 
f99(ijP oi ibft katb^ ftoffed vltk hair^ and. the 
r9bte})»g part 15 ihKacod wkk ^ amalgam of zink 
aR4 q^kklilver wttb a litdc taHowi» tihe vJkoIe 
being (q. propor.tioacd' a& to. have die cqnfiftence of: 
pf^. iHe ^1^. c^^ndcr in its. rotation, paffing 
iO.coQtaA wch this naetaUic fbft fubAaiice> be-^ 
c^Olfis cle^Bedj and its ekfbricity is prevented' 
ffioni} flying back io iparks tio the rubber op bdng^ 
di0ip9ljed into the aic, b$r a piece of filk fewnd ttk 
the rubber, and paf&ng over its fiar&cc and' theqce ^ 
half w?y round die cylinder, to which.k adheres'by 
theekfbric attradlipn. 

The eleftricity thus excited, is much ftronger in 
dry frofty weather ^han when the atmolphere is 
damp, ari8 confequendy a better conduftor of elec- 
tricity. The management of the operator will alfo 
4 make 



make a prpdi^otis difference. No theory of ,wh^ - 
happens in the excitation of ele^ric^> h^ b^en offer- . 

to our imp,?rfe^^ ^n^w^^dge o^ thi? (yl^e^, tii.fit thg, 

inoft il^ilfijl op^ie^^op (^^^^ '^]? fff ^P??"?^?'' ^9 c**^- 
cumftanf e§ relatj^ t;o ;hc cpxtifj^^^^ of th^ a^nal»- 
gam, the roughn^fs or fin|Q,C)thpftf^ of it^ fyrfa^, 
its frefhnefs, the pofitipn ^dl Xff^j^^^x^ of thf 
fJk, and other niatters that c^n hzfflijy he defcrifc^, 
fo as to aflift. the young elcftijici3»0(. T^hf fol^^jring.. 
direftions however fuccecd ycxY wcH. 

Every part of t;hc app^rajtus, tt^^O: l?c (jarcfii^ly v 
wiped with a dry varm cloth, oc olc^ filk ^^d- 
kerchief, in order tha^ the eledricity, when cg^,- 
lefted, may pot oe conduced off by adhering, 
tnoifture or damp (302, i})^ The amalgam Qiighc. 
to abound \^ith quickfilyer, and, to have no more 
tallow than is ipffici^ent, when applied to the cylin- 
der, juft to dixniqiih its brightnefs without fmear-- 
ing. It muft be rubbed on the rough fide pf a. *" 
piece of leather, pafted on a. card, in very final!, 
quantity. The ciifliion and filk muft be care- 
fully brufhed. 01; wiped before: it is. put in itsplaq^. 
This done, turn back the filk fo that itjs loofc.. 
part n?iay not toych the cylinder, and begin, (o 
turn the machine, at the famp time applying, the 
amalgamed leather to the cylinder. After a (^w. 
turns the. . eledlrijcity will be hpard iri a^ I^ind of 
milling noife near the hand and cufhion. Re? 
move then the. amalgamed leariier, and replace the 
(ilk on the cylinder^ to which it will immediateJy 

adhere* 
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adhere; The friftion will now be much greater 
than before, as will be perceived by the difficulcy of 
turning the handle, and the eleAricity will be feen 
along the edge of the (ilk in lohg diverging ramifi- 
cations that dart into the air with noife. Thefe fly 
to the points of the prime condudtor when applied, 
and, by means of this laft^ the fparks may be drawn, 
or other experiments performed, 

W vjt is not well fettled whether a velocity of 
rotation in the cylinder, greater than the hand can 
produce with a fingle winch, be of any advantage 
in deftricity. From a few trials, not fufficiently 
diverfified, the faft fcem3 to be, that there is a 
certain velocity of turning by which more elec- 
tricity is obtained, in a given number of turns, 
than by any velocity condd^rably greater or Iclsj , 
and that this neceffary velocity is leaft when the 
excitation is moft powerful A ryKnder of feven 
inches diameter, well excited, will ^fFord itjs maxi- 
mum of elcftricity in a turn by a moderate ro^ 
tarion with a (ingle winch, and the adhefion of 
the fink will render the turning fufficiently laborb* 
ous. But whether the labour of the operator 
would be better employed in producing more 
turns in a given time by means of a wheel, though 
the excitation were left powerful, remains to be 
decided* 

X If the amalgam be applied on the culhion itfelfi 
inttead of a feparate leather, the excitation will be^ 
more uniformly the fame, though rather lefs ftrong. 
When the feparate leather is ufed, it is nece(rary 

to 
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to apply it to the qrlinder from time to time^ to 
keep up the excitation. One of the chief advan* 
tages of this laft method a{^ar» to be^ that a 
ftrpng excitation may at any time be produced by 
taking off the cufhion and wiping it and the filk 
very clean, at the fame dme that the old amalgam 
is fcraped off the leather and replaced by the 
fize of a pea of frelh amalgam ; whereas in the 
other method, it not unfrequently happens, that 
the operator is obliged to have recourfe to a 
variety of manceuvres without fucccfs. 

If of two conduAors, fcparately infulated, onc^ y 
be conne6led with the infulated rubber, and the 
other placed near the cylinder, fo as to be elec- 
trified by it, they will both exhibit figns of elec- 
tricity; but that conduflor, which is elcftrified 
by the cylinder, will attrad thofe bodies Which 
are repelled by the other conduftor that re- 
ceived its eleftricity from the rubber. And thcfe 
conduftors, if brought near each other, will eir^U 
Iparks, and aft on each other in every reipedb 
ftronger than on other bodies. H they be brougl^ 
into contaA, the eleftricity of the one will dcftroy: 
that of the other; and notwithftanding the cle^r 
trie matter appears to flow or pafs ffom the cyliar 
der to ip conductor, the two thus ^onjoin^ will 
exhibit few or no figns of eleftricity. 

The fenies cannot diftinguilh the diredtion in ji 
which the eledlric matter moves. The hypothcf* 
molt generally admitted, is that eleftricity is sia 
uniform fluid, capable of being rarefied or eoii^ 

dcnf»d| 
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atiircci, >iid tfik i^i the cohimon clcJbifcai ma- 
"cTiihb it p^fles frofn tfe^ cylinder to the cbhditdor 
^iHi pdihts. On this filppbiiHdh t&is cbhduftbV 
inufr, whcli 'eieftrified, poflefs a greater quantity 
thin is naturil to it; arid fince the cylinder af- 
fords very little ' eledricity when the rubber is ih- 
lulated, it ■will follbw that it receives its electricity 
frbm the rubber; for iinlefs the ruober oe at 
Kberty to receive an equal quantity from the earthy 
thdt is, unlets it be 'Uhinfulated, it can part with 
but a very fmall quantity to the cylihden Still 
rccairring the fariie fuppbfitioh fefpeflihg the 
cofurfb of thfe fekftric niattef, it fellows that the 
rubber, wheh infulated, muft lofe a part of its 
natural quantity by friftioh with the cylihaef, and 
conftqiicfnt!;^ a condtiftOr corhnliinicating with it 
muft be negatively eleftrified. It is hot therefore 
lb' much to be Wondered at, that the aftioris of the 
twa conduftors flibuld be contrary, aha that when 
in contaft they flipuld exhibit rib -iighs of elec- 
tridty; for thfe cylinder at the fame iriftant that 
it imparts the eleftric matter to one cohduftor, 
txhaufti an equal quantity from the bther, which 
is cbnngfted with the rubber. If the diredtion of 
die deftric matter be fuppbfed to be contrary to 
^M is here afllimed, the tSh£is muft ftlli be the 
fame. 

^ 'tht principal circumftance wlierebh^ the pre- 
vailing ophiion concerning .this diredKon is found- 
tA fe, that if the cOhduftori which derives its 
tfkftricity fi-om Ae CyEfider, be' made -IHarp or 

• ' * angular 
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ing^ar ac VLtiy pait^ not very *n«ar the afHodtr^ a 
diverging cohe of eledric light will be leen^ whoft 
vertex is thd point itfelf^ and the ele£hic pfaacho^ 
mena will ht mixh dimmifhed* But the cons- 
titi£tori which is conn€d;ed with the rubbei*, tl«>bgh 
its effe^b be 6qUaIly dinlmiflitd by a fimibr ctr- 
cuitiftance^ trill never estbibit the coiie of raya^ but 
is only tipped at the ^nt wiiJi a fmatt ^obulai' 
body of light The cone has been tbou^ td 
refeitible the rvfliing. out er emitdng of %h^ 
and the globe &e appearancd of the inabtbing or 
ehtrance of the electric matter ; whence the nafne 
of piofitive eledricity has been adopted for 4h&i of 
jthe cylinder, and negative for that of' the rubber. 
The terms will be ufcd in the fame fenfc, in tbk 
work, diough it muft be confefled, that the pro- 
priety of their application is ftill doubt&l 

If eledricity be produced by the excitation of a b 
globe CM* cylinder of fulp huror refin, the ftates will 
be reverfed; the rubber will be pofidve, and the 
cylinder, with its conduftor, will be negative. 
This was formerly thought to depend on the 
natwrc of the electric body^ and the two ftates of 
electricity were diftinguilhed by the Mmes of 
vitreous and rqfinous dedricity, but it has fince 
been £bun4, that the difference, in mofl: ca^,. arises 
^hxn the^ iKr)auve imoothneia of the fur&ces of 
tthe ele^ric body and its rubber when compared 

with each other. 

<» ft. 

It ieems to bf ^ rule, that the fmoothnefs of the q 
two bodies obtains the ppfitive ftate» Baked 

wooden 



^20 fOSITlVB AKD NS6ATtV£ BLBCtHICXtVi 

vooden cylinders^ with a fmooth rabber of oikd 
filky become negative, but with a rubber of Bm^ 
iiel pohtive. tjlafs, made rough by grinding 
with emery, excited with new foft flannel^ is ne- 
gative, but with dry oiled filkj rubbed with 
whiting, pofitive , but if the glafs be fmeared with 
tallow, and wiped with a cloth, then the oiled (ilk^ 
by rubbing, becomes poliflied, and the tube be-^ 
conies negative, as at firft i if the otkd fiik be 
ijig^n rubbed with whiting, it excites a pofidve 
ftate on the grealed tube; but then the filk has 
again acquired a poii(b, the tube becomes again 
negative. Even polifhed glafs may be rendered 
negative by rubbbg with the hairy fide of a cat'i 
ikin, 

D Bodies pofleffed of fimilar and equal dates of 
cledtricity, repel each other; bodies poffeflcd of 
oppofite ftates of eledricity, attraft each other j 
and bodies in a mean or natural ftate are attraAed 
by all eleftrified bodies whatever. But as we have 
no clear conception, or adequate idea, of any 
mechanical procefs by which attraflion may be 
caufed, aU our reafoning on the fubjedt mult be 
purely hypothetical (i. 25, x), for want of pro- 
bable grounds to proceed on. If ever this pro- 
perty of matter, whofe origin at prefent is fo little 
underftood, Ihould be deduced from (bme fimpler 

' caufe, there is great reafon to think that it will 
be in consequence of ele<£lrical difcoveries. 

f If the infulated prime conductor of a machine 
be well polilhed, and without comers or angks, 

I it 
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It will retain its eleftric flatc very welli and will 
emit flrong fparks upon the approach of any un« 
infulated condufton If the uninfulated conduce 
tor be broadj round, and pplilhed at the end, the 
(parks will be fhort and denfe, and will produce 
a confiderable found ; if leis broad, the (park will 
be long, crooked, and lefs founding i if the breadth 
be ilill more diminiihed, the conductor begins to 
come under the denomination of a pointed body 
(jiii a), the cleftric matter* pafles to it from 
the prime conduftor, through a great fpace of 
air with a hiding or ruftling nolle, and in a con-- 
tiixual ftream: a ftill greater fharpnefs enaUes the 
elc<5tricity to pafs over a greater Ipace, but filendy, 
and nothing is ftcn but a fmall light upon the 
point. If a fimilar point iflue from the prime 
conductor, and the uninfulated conduftor be round 
and polilhed, the fame effedls happen in like fitua- ^ 
tionsj but if both be pointed, the eleftricity is 
more readily difcharged : and in all thcfe cafes the 
appearance of the cleftric matter at the point of . 
the prime conduftor will be that which is peculfar 
to its eleftricity, a large divergent cone if pofitive, 
or a fmall gbbular Jigbt or cone if negative, and 
the light at the point prefcnted to the prime con- 
ductor will be diftinftive of the contrary elec- 
tricity. Whether a pointed condudlor be elec- 
trified pofitivcly or negatively, if the nofe be 
brought near the point during, the elcftrization, a 
wind will be felt blowing from the point, and the 
Vql, 11, ; y fcnfc 
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fenfe will be affefted with a fulphurcotiS or phof- 
phoreal fmelL 

7 The rcaftion of the force by which the air i& 
put into motioHj is exerted on the pointed body. 
This is fhewn by a pleafing e:j;perinient with aa 
ele&rified wire j thus to the middle of the wire, or 
rather between two wires that lie in the fame line^ 
is affi^Jicd a center-cap like thofe ufed in fea-com* 

' pafles^ fo that the wire may cafily be moved on a 
point in an horizontal diredion^ as magnetical 
f)eedles are ; and the ends of the wire are pointed 
and bent contrary way§, to point in the direAbn 
of the tangent to .the circle dcfcribed by them. 
Kow if this wire thus fufpended on a pointy b^ 
infulated s^nd ele£);rifiedjt its fharp ends will b^ 
come luminouSj and it will revolve in a diredbioA 
contrary to that in which its ends are bent j or if 
it be fufpended on an uninfulated point, and brought 
near the cleftrified prime condu6tor, the fame e£FeA 
will follow, 

O ** It may be thought ftrange that fhe air ftould 
iflbe from an eleftrified pointy, whether its ekc- 
tricity be pofitive or negative. It is eafy to con^ 
ceive that the ifluing out of the c^eAric matter 
may oaufe the a^r to move in the fame diredtion* 
but it appears ftrange, that the ele<9:ric matter 
rulhing towards a point (hould caqfc/the air to 
move direftly contrary, that is to fay,, likewifp 
from the point, But if the circumftance be ex* 
amined more narrowly, the difficulty will vanifh. 
For it ^s highly probable that the elcdtrig matter 

paffes 
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pafles too (wifely (i. 40, z) to excite any motion 
in the air but' that undulation wherein (bund con- 
Ms (6^9 n); to which may be added, that if the 
eledlric matter do ad on the air to put it in motion, 
the air muft read with an equal force ; and there- 
fore that a current of air blown againft the courlc 
of the eledric matter muft afFe£b its appearance, by 
retarding the rays and defleding thole againft 
which it ftruck obliquely : the contrary to which 
is by experience, known to obtain 1 for the lumi* 
nous cones (314, e) are not fenfibly afFefted by 
fuch treatment. The air being thus indifferent as 
to the motion of the eledric matter, its motion 
may be (hewn to depend on the eftabliftied princi^ 
pies of eleftricity. The point is ele&rificd either 
poiitively or negatively, and the air, immediately 
oppofite and contiguous to the pcnnt, muft, by the 
cmiffion or exhauftion of the electric matter, be-» 
come ftrongly poffeffed of an eleftric ftate of the 
fame kind with that of the point : it is therefore re- 
pelled (313, d) and replaced by other air which is 
alfo elefbrified and repelled, by which means a con^ 
ftant ftream is produced blowing from the point, 
and that equally whether the ele(^rizadon be pofi- 
tive or negative. And, as aftion and readion are 
equal and contrary, the poiiit repelling the air muft 

r 

itfclf alfo be equally repelled in the contrary direc- 
tion; whence the horizontal wire above defcribed 
is turned, and that always one way, namely, con- 
trary to that in which the air is moved, or to the 
diredion of iu bent points. 

Y 2 CHAP. 
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CHAP. Ill, 

» 

r 

OP THE COURSE OF THE ELECTRIC JMATTER 
THROUGH THE COMMON AIR> AND THROUGH 
AIR VERY MUCH RAREFIED, WITH A DESCRIP-* 
TION OF AN INSTRUMENT FOR DISTINGUISH- 
ING -THE TWO STATES OF ELECTRICITY, 

H The air, being a non-conduftor, muft be claflcd 
among elefbric bodies; and the prime conduftor 
of an clcftrical machine being furroundcd with air 
retains its electric date much better thanjt would 

« 

4o without that circumftancc. , For the eleftric 
matter cannot pais to or from the conduftor with 
the f^me facility as if this impermeable fubftaace 
were not interpofed. 

I When air is fpokcn of as impermeable and etec-* 
trie, it muft not be underftood as being perfeftly 
fo, but as being moftly compofcd of (ion-condu6t- 
ing parts, There is always moifture enough in 
the air to reftore the natural ft^te to eleftrified 
bodies in a few hours. It is likewife permeable^ 
as all other eleftrics are, by the force of the elec- 
tric matter which divides it or fcparates its parts ; 
when this happens to a folid eleftric, a hole is madq 
through it. 

K Long fparks are always crooked lii various- 
diredipns^ like lightning ; which feems to , be 

caufcd 
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ibaUfed by the ekftric matter pafling through thofe 
parts of the air in which the beft conduftors are 
found, indeed there is reafon to think that elec- 
tricity always requires a condu£tor to enable it to 
pafs from one body to another. For if a glais 
fyphon^ whofe legs are equal> and reipedively 
more than thirty inches long, be filled with boil-' 
ing mercury^ and the ends inverted mto bafbns 
likewife containing mercury> a double barometer 
(31, z) will be formed, whofe upper or arched part 
will be abfolutely void of air* Then if one of the 
bafons be infulated and ele£trified> the eleffa-ictty 
will not pafs from the mercury in one leg, through 
' the void, to that b the other -, blit upon admit* 
ting a fmall bubble of air, it is immediately feen 
pafling through the vacant fpace in the form of 
bright flafhes or flames. In the vacuum of the 
cur-pump the eleftric matter will pais and appear 
luminous between condudors^ how diftant foevefj 
forming a. beautiful appearance^ that very much 
refembles the northern lights or aurora-borealis# 
But it is found that in high degrees of ekhauftion 
the light is lefs the le& air is left in the receiver. 
It feems^ on confider^tion of thefe circumftances^ 
that the eleftric matter cannot pals through the 
more pcrfcft vacuum, for want of a conduftor, 
but that the conducing part of the air when in- 
troduced, anfwcrs the purpofe, while the refiftance 
of the cleftric part, being very fmall, on account 
of the rarefaftion, fulFers it to pafs from one con- 

Y 3 duftor 



2%6 ' BLECTRI2ED DROPS, 

duftor to another, through much greater fpaces 
than it can pafs through in the open air. 

L This opinion is fomewhat more cortfirmcd by 
the obfervation that the eleftric niatter forces coo- 
dudting bodies into its path. If a drop of water 
be laid on the prime conductor, in a pofitive ftate, 
very long (parks may be drawn from it, the drop 
will aifume a pointed or conical fhape, and wet 
bodies which are heid near it: a proof that the 
water is thrown off. If the fame experiment be 
made with melted fealing-wax, the appear^ce is 
very peculiar and amuling. The fealing-wax muft 
be dropped on or ftuck to the fide of the prime 
c6ndu£bor^ and afterwards melted with a candle; 
then if the* conductor be cleftrified, cidier pofi- 
tively or negatively, the drop of wax becomes 
pointed, and fhoots a number of Bne threads into 
the air, to the diftancc of .fcveral feet. This 
thread is in the fame ftate of elefbricity as the c<hi- 
duftor it iffoes from. 

M It is rcmaricable that the drop of water which 
forms itfelf into a point by eledrization does not 
give the Ipark when negatively elcftrified. This 
property is not> however, peculiar to water, but 
common to all very Ihort pointed condudfeors that 
rife ouit of another furfece nearly plane, and of 
fome actent. A fharp metallic point riling aboitt 
one thirtieth of an inch out of the furface of a 
ball of three inches diameter, gave fparks five or 
fix inches in lengthy when pofitive or emitting the 
cledb-ic matters but the electricity paflfed with-* 

out 
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out rpark^, and with fcarcely any noife^ when the 
point was negative or receiving. This may be an 
ufeful criterion for diftinguifhirlg the two ftates. 

Fig. 164, reprefents an inftrument for diftin- m 
guilhing the eledtricities. a and b are two me- 
tallic ballsy that may Be placed at a greater or 
lefs diftance from each other by means of the join 
at c. The two branches or legs c a, c b, arc var- 
nifhed glals. From one of the balls a, proceeds 
a ihort point towards the other ball b. If the 
two balls be placed in the current or courle of the 
eledric matter^ fa that it may pals through the 
air from the one to the other^ its dire6tion will 
be known. For if the eleftric. matter pafs from 
A to B> there will be a certain diftance of the balls 
dependant on the drength of the ele£bricityj with- 
in which denfe (parks will pals from the point: 
but if its courfe be /in the contrary direftionj^ no 
fpark will be feen^ unle(s the balls be almoft i|i 
conta&j and the point will be tipped with eleftric 
light. 
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CHAP. IV. 

I 

of the electricity i^roduced by bringing 
a conductor near the electrified primjt 
conductor: and of charging and dis-^ 
charging electric plates. 

o ' If an infulated conduftor, free from points^ be 
brought within a certain diftance of the prime 
conduftor or cylinder in an ^Icftric ftatc, it wiH 
alfo exhibit figns of eleftricity of the fame kind ; 
but jif thofe figns be removed, by taking the ipark^ 
and the conduftor taken from the prime conduc- 
tor, it will exhibit figns of the contrary elec- 
tricity. This is a very remarkable appearance, 
but may /be accounted fo^, if two fuppofitions be 
admitted, viz* firft, that the eleftric matter is at- 
trafted by condufting bodies; and fecondly, that 
the parts of the eleftric matter mutually repel- each 
other, the forces of each power being in a certain 
inverted ratio of the difl:ance. 

p For the eleftric matter, in an infulated and uni- 
form conduftor, will then be equally diffufed 
through its whole mafs, and the attraftion which 
that conduftor will exert on any mafs of eleftric 
matter prefented from without, muft be the exceis 
of the attraftive force of the body over the repul- 
five force of the eleftricity it contains. Whence 
a given conduftor will attraft the ckftric matter 

the 
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tnc moft powerfoily when the quantity it ^htady 
j>oflcfles is the kaft poflible, and its attraftivc 
force will decreafe as it becomes more iaturated 
with eledricity. Let two equal conduftors, com- 
pofed of like matter, be brought within a fmall - 
diftancc of each other, then, if jthe quantities 
of eledricity they contain are equal, the attrac- 
tions they mutually exert on thofe quantities will 
be equal, aiid it will remain undiflurbed in each 
t3ody. But if one condudor, a, contain more elec- 
tricity tl\an the other, b, the attraftive power of 
s wUl be greateft, and will draw the eiedric 
matter from a till an equilibrium is obtained. It %^ 
Allows alfo, that in a number of conducting bodies, 
communicating with each other, the eledric mat- 
-tcr will be every where of the lanie denfity, if the 
greateft attra&ive foree of the bodies be fiippo&d 
<quali but if different bodies be fuppofed to at«> 
trad the eledric matter with different forces, as 
is moft probable, the denfities muft vary with the 
forces. This may be called the natural flate. 

To apply this to the particular inftance above & 
recited, fuppole the end of an infulated conduc- 
t<^ Co be brought near the prime condu&or in a 
politiye ftate, the attradive power of the firfl-mcn- 
tioned condudbor is greater than that of the prime 
conduftor, yet, not being fufficient to draw fpark% 
at the given diftance, the only efFeft it can pro- 
duce is, to make the eledric matter accumulate, 
and become more denfe in that part of the prime 
coaduftor, near which it is prefcntcd; by which 

accumulation 
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accumulation the reft of the prime condu£tbr be^ 
comes le{s eledtriikd, as experience teftifies. This 
accumulated body of eleftricity repels> and con* 
fequently rarefies the eledtric matter naturally con« 
tained in that end of the condudor, which is 
prefented to the prime conduftor ; the reft of the 
fluid becomes more denfe^ and the odier parts 
of the conduAor which is prefented, exhibit figns 
of electricity ; yet, as this conductor in the whole 
contains no more than its natural quantity, if the 
ele£bic ftate be taken off, by drawing the fpark, 
and it be afterwards removed from the vidnity of 
the prime condudor, it becomes negative through*- 

s out, by reafon of the lofs of the ipark« If a coa- 
du£tor be prefented to the prime conductor in a 
negative ftate, the effefts are reverfcd, the at- 
tradion being firongeft at the prime conduc* 
tor, and the accumulation being in the conduct 
tor which is prefented, it exhibits a negative 
ftate, which bebg deftroyed, upon removal it be-- 
comes pofidve, by reafon of the fpark which was 
given to it when apparendy ne^adve. 

T Thefe effe^ are more confiderable the kfs the 
diftance is between the two condu£l:ors; and the 
intercedent ele£tric body is peculiarly zSk&cdi 
the manher of which may be better underftood» 
by obferving the phenomena of non-eleftrics, fe- 
parated by eleftrics which are lefs liable to allow 
the pafling of the fpark than the air is. 

V Upon an infiilated horizontal plate of me|tal> 
lay a plate of glafs, confiderably larger, fo that 

there 
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there may be a rim of three or four inches pro- 
jecting bcywd thic metal on every fide. Upon 
the gla(s lay another plate of metal^ of the * fiimc 
fize as die former^ fo as precifely to cover it. 
Ekftrify die upper plate, and the lower will ex- 
hibit figns of eledtricity. Continue the eleAriza- 
tion, and the lower plate will emit fparks to an 
uninfulated body for a dme, and afterwards ceafe* 
Septate the plates from the glafs without uninfii- 
ladng them, and the gl^s will appear to be pof- 
feflcd of the contrary ele^ricides on the oppo- 
fite fides. That fide which communicated widi 
die prime conduftor, during the ekdrizadoo^ 
will have a like ele<5b:icity, and the other the 
contraty. Take off the eledricity of the plates of 
metal, and carefiilly replace the glafs on tlie 
lower, without deflroying the infulation, and alfii 
replace the upper plate with the fame precaudon. 
Then, with one end of an infulated wire, not 
pointed, but knobbed at the ends, touch one of 
the pl^es, and bring the other end near the other 
plate : the confequence will be, that a ftrong and 
loud (park will pafs between it and the wire, the 
eledricity of the glafs will be difcharged, 3xui the 
plates and the wire will exhibit few or no figns of 
ele£tricity. 

An eleftric body, whofe furfaces are thus pof- v 
fefifed of ^the contraf-y ele&ricities, is faid to be 
charged. The infuladon of the lower metallic 
plate and of the difchargmg wire is not necefiary, 
except for the purpofe of drawing inferences, re* 

fpedting 
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fpcfting the manner of charging the deftric pW& 
If the clcftricity of the prime condu&or be (trdng^ 
and the glafs thick, Ac difcharge will often be 
made J>y a fpark from the one metallic plate to 
the other, over the furface of the glafs which pro- 
jefts on every fide j but if the ^afs plate be thih> 
in wWch cafe, at an equal intenfity, if admits of a 
much greater charge, the difcharge will be made 
Arough its fubftancc. Glafs, as Aick as one 
eighth of an inch, may be penetrated by this means, 
one or more holes being made where the elec- 
tric miatter has pafled, in which holes Ae glafs is 
pulverized, and may be picked out with a pin. 

w The greater the furface of Ae glals, Ae greater 
charge it . will contain, the fame intenfity being 
fuppofcd. But a given machine will not fupcr- 
induce fb ftrong an elcftric ftate on a large plate 
as a fmall one : the reafon of which feems to de- 
pend on the different intervah of time required in the 
charging, conjoined with Ae different magnitudes 
of the furfaccs at which the eleftricity is comftiu- 
nicated to the air. If there were nd efcape of the 
cle6lric matter during the time of charging, the 
times would probably be as the furfeces of the 
plates, equal AickneflTes being always fuppofedi 
and if two plates were equally charged, the efcape 

X would perhaps be likewife as the furfaces. Thcle 
' being *premifcd, the whole efcape would be as the 
time of charging, and Ae liirfeces of each con- 
jointly, that is, becaufe Ae times are as the fur- 
£tces, in the duplicate rado of Aeir furfaces di- 

rcftly. 
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te£Uy. Hence it appears chat the efcape in plates^ 
chat increafe in fize> approaches rapidly and con- 
tinually nearer to the quantity of eleftricity liip* 
plied by the machine, and that the more powerful 
machine, by diminifhing the time of charging^ 
will charge higher in the inverfe proportion of the 
time. It mud be confefied that the fuppofitions 
not being accurate, the proportions are only nearly 
true, yet this way of confidering the fubjcft may 
ferve to indicate the caufes^ though not firidtiy to 
meafure the tffedu 

From the experiment (324), of feparating the t 
glafs from the plates of metal, it is fhewn, that 
the furplus of the ele&ricity on one fiirface, h 
either accurately or very nearly equal to the defi^ 
ciency on the other 5 for if it were otherwife, the 
plates and the difcharging wire would become 
firongly poflefTed of the predominating eledricity. 
It alfo follows,, that if the theory of pofitive and z 
negative eleftricity be true, elefbric bodies muft 
contain the eledric matter, for the eleftric ftates 
are evidentiy on the furfaces of the glafs, inde* 
pendent of the metal. Now, though it may eafily 
be underftood that a pofitive ftate may be fuper« 
induced by an accumulation of ele<^ricity on one 
furface, yet it is abfurd to fuppofe that the elec« 
trie ' matter can be emitted and exhaufted from the 
other fide, if it did not cxift there, previous to 
fuch emiffion and exhauftion. From thb circum* a 
fiance it may be concluded, according to the fam^ 
theor^i that all bodies, as weU eledrics as non- 

elcftrics. 
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' ekfbicsj attraA the elc£fcric matter> but that elec-^ 
tries, being fo conftruded as not to admit it into 
their fubftance> as non-de£trics do, wsA condenfe 
it upon their fur&ces, and at all times hold a great' 
quantity ib condenfcd And if the quantity of elec* 
tricity be increafed or diminiflied on one fide, the 
eleftricity on the other fur&ce muft be rarefied or 
ccrndenfed, in confequence of the diminution or 
increafe of the whole attradive force of the body. 
The efie£b will alfo be more confiderable the lels 
the diftance is between the two furfiices (321, o). 

A It ts not poiSble to chaise an cledric plate by 
inducing an eleftric ftate on one of its furfaces^ 
unlefs the other be at the fame time fufiiciei^y 
near to an uninfulated non*ele£tric to afiimic the 
contrary date by emitting or receiving the elec- 
tric matter. 

B If a plate of glafs be laid upon an uninfulated 
plate of metal, the upper furface may be rendered 
cle6kric by friftion, or by applying an eledrified 
body iucceffivcly to its parts. This cleftricity 
may be taken off by touching the upper furface 
with an uninfolated metallic plate of the fame di« 
menfions as that upon which the glais is placed^ 
but will not be entirely taken off, becaufe the 
communication between the two furfaces in this 
method is not perfeft, and becaufe the met^ 
cannot by ordinary means be brought into ac- 
tual cont^ft with the glafs. The fmall quantity 
which remains, produces an effcft which has been 

c miftakcn for a perpetual clcdtricity* For if a plate 

of 
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of metal, to ^which a glafs handle is affixed, be 
laid upon the gkis, this fmall quantity of elec* 
tricity will influence die metal, and, without ac- 
tually communicating the eleftric matter, will 
caufe it to exhibit a fimilar ftate (322). If 
this be taken ofF, by drawing the fpark, and the^ 
metal then removed, by means of the glafs handle, 
it will be found poflefied of the contrary ftate of 
^le&ricity, and another fpark may be obtained. 
The metallic plate may be then again applied to 
die fur&ce of die glafs, and the procefs again re- 
peated, and fo on for a prodigious number of 
times, without any fenfible difference in the event. 
For the eleftricity at the furfacc of the glafs being 
almoft in the natural ftate, as to condenfation» 
does not difappear for a very long time, and the 
, very near approach of the metal enables it to pro* 
duce the lame effeft as would be obtained at a 
greater ^ diftance from a ftronger eleftricity 
(321, o). This is made obvious, by bringing 
the metallic plate near the furface of the glafs be-^ 
fore its firft ftrong elcftricity is taken off, for the 
iame event is then perceived at the diftance of 
four, five, or fix inches, as in the former cafe is 
produced by contaft. 

The vapory of the atmofphcre are continually p 
attaching themfelves to the furface of cold glafs^i 
and by that means deftroy the eleftricity* SuU 
phur, wax, or refin, beihg Icfs fubjeft to this, 
retain their eleftric ftate much longer* A plate 
of glafe or wood, coated over with any fubftance 

of 
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of this nature^ may be exGited by fri6Hon, and wifli 
produce elefbricity in a metallic plate^ in the man- 
ner above defcribed for a very great length of 
time. Such a plate> together with its metalj has 
been named the ele£fcrophorus> fig. 165. 

B If the difcharge of an eledrifkd plate be made 
by the parts of a living animalj a confiderable 
pain will be felt chiefly at the extremities of the 
mufcles. For example^ if the lower metallic plate 
be touched with one hand, and the c^her broi^ht 
to the upper plate, at the inilant of the emiffionb 
a pain will be felt at the wrifts and elbows^ which 
as inftantly vanifhes. If a larger glafs plate be 
ofcd, the pain will be felt in the breaft; if yet 
larger, the fenfation will be that of a univerfal 
blow. This fenfation has obtained the name of 
the ihock, and will deprive animals of life^ if fuf^ 
ficiently ftrong. The fhock from jo fquare inches 
of glais, well charged, will inftandy kill mice^ 
fparrows> or other fmall animals. Six iquare feet 
of glafs will deprive a man of fenfation for a time^^ 
if the head be made a part of the circuit throu^ 
which the eleftricity moves. No inconvenience 
has been found from the eleftric fhock by men of 
ftrong habits, but women of delicate confliturions 

r have had convulfions fr6m a violent fhock. It 
may be obferved, that the eledlric fhock is a proof 
that the eleftric matter can pafs through the fub- 
ftance of non-elc6lrics, and is not univcrfally con- 
duced along their furfaccs ak)ne, as fome have lup-i 
pofcd* 

CHAP, 
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bt ELECTRIC JARSJ THE VELOCITY OF THE 
shock; light in the BOYLEAN VACUUM; 
THE CHARGING A PLATE OF AIR, WHENCE IS 
DEDUCED THE ACTION Ol:* POINTED BODIES. 

For the fake of fimplicity and precifion, the g 
fcfFcfts of eleAricity, in chargifig glafs^. have been 
defcribed as they happen in flat pieces or plate* 
Thcfe, however, are feldom ufed; The objed 
6f the pKilofophcf, in general, is to colled a Jargc 
quantity of eleftricity, by means of the farfaces 
bf eleftrics, and it is neither neceflkry nor con- 
venient to tife flat places. He jherefofe accom- 
hiodates himfelf with a fufficient number bf pre- 
pared jars. Thefe are made of various fliapes and m 
magnitudes^ but the mofl: uftful are thin cylindri- 
tal glafs veflels, about four inches in diameter, and 
fourteen in height ; coated withiff and without, 
with tin-foil, which is ftuck on with ^.gum- water,- 
|)afl:e, or wax, excepting two inches- of the rim: 
6r edge^ which is left bare, to prevent tlie com- 
munication between the coatings. About ' four 
inches from the bottom, within, is a large cork, 
that receives a thick wire, ending in fevcral ra- 
mifications, which touch the infide coating j the 
upper end of the wire terminating with a knob, 
tonfiderably above the mouth .of the jar. Whea 
it is required to be charged, it may be held in the 
Vol. II. Z ' hand. 
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handj or placed on an uninfulated tablcj and the 
knob of the wire applied to the conduftorj the 
infide coated furface becomes poflefled of the elec- 
tricity of the conduftor, and the external furfitec 
acquires the contrary cleftricity, by means of its 
uninfulated coating. When a jar of this kind is 
highly charged, it will difcharge fpontaneoufty over 
the uncoated furface^ and feldom through the 
glafsj whereas, when the uncoated furface is large, 
they are more apt to break by that means, and 
I become ufelefs. Yet, there is no certainty that 
a jar, which has difcharged itfelf over its furface, 
will not at another time break by a difcharge through 
the glafs, as the contrary often happens; 
K A jar of confiderable thicknefs, with a neclt 
like a bottle, in which is cemented a thick tube 
to receive the wire, will fuftain a very high 
charge, and produce much greater elFefts than 
one of the laft defcription. The charging wire 
being inferted loofely into the tube, will fall out 
on inverting the jar, and the charge will remain 
for fcvcral^ weeks without much lofs. A jar thus 
charged^ may be put into the pocket, and appHed 
to many purpofes that the common jar cannot be 
ufedfor. 

When a greater degre^c of eleSric force is rc- 
ijuired, larger jars muft be ufcd, in which the 
form is of no confequeilce, except as fkr as re- 
lates to convenience. But it is lefs expcnfive, 
and nearly as efFeftual, to ufe a number of 
imailer jarsj having the l^me quantity of coated 

furface 
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furface as the large jars. In this cafe, a com^ 
xnunicatlori muft be fdrmed between all the out- 
fide coatings, which may be done by placing them 
on a ftand of metal 5 and alfo between all the inner 
coatingsi which is beft done by means of wires* 
Such a colleflion is called a battery^ and may be 
charged and difcharged like a fingle jar. 

In difcharging eleftricAl jars, the eleAricity m 
goes in the greateft quantity through the beft con- 
du<9:ors> and by the fhorteft courfe. Thus, if a 
chain and a wire^ communicating with the outer 
coating, be prefentcd to the knob of a jar, the 
greater part of the charge will pafs by the wire 
and very little by the chain, which is a worfe con- 
du£tor> by rcafon of its difcondnuation at every 
link. When the difcharge is made by the chain 
only, fparks are feen at every link, which is a 
proof that ihcy are not in contaft y and as the chain 
itiuft be ftretched by a confiderable force before 
the fparks ceafe to appear on the difcharge, it fol- n 
lows that there is a repulfive power in bodies, 
by which they are prevented from coming into 
contadt, unlefs by force, as has been obferved in 
the former part of this freatife (i. 14, a; i. 48, 
A, b). 

By accurate experiments it appears, that the o^ 
force of the eleftric (hock is weakened, that is, 
its effedts are diminiflied, by ufing a conduftor of 
great length in making the difcharge. Yet, a 
very confiderable (hock was given by the Abbe 
Nokt, in the prefence of the French Kmg, to one 

Z 2 hundred 
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hundred and eighty men ; the firft of whom fbrttiecl 
a communication with the outer coating, the reft 
joining hands in a circular line, and the IzA touch^ 
cd the knob of the inner coatkig. They were all 
Shocked at the fame inftanf. Dr. Watfon, and 
many other gentlemen of eminence in the philo- 
fophical worldy were at the pains of making ex- 
periments of the ftme kind, but mueh more ac- 
curate. They found, by means of wire infulated 
on baked wood,, that the elcftric fliock was tranf^ 
micted inftantaneoufly through the length of 12276 
feet. 

When any animal or fubftance is to be iulgeded 
to the Ihock, it is ufually done by means of two^ 
chains, one of which connefts one extremity of 
the animal or fubftance with the outer coating,, 
and the other being fattened to>^ or laid on, the 
other extremity^ is applied to the knob of the in- 
ner coating to make the dtfcharge.. The animai 
or fubftance thus forming a part of the circuit*, 

R receives the whole fhock. The ftrong (hock of a^ 
battery will melt wire of the fevcntieth of an inch 
in diameter,, and wires of lefs diameters are fre- 

8 quently blown away, and difperfed. Gunpowder 
may be fired by a charge of three iquare feet: 
die method is, to put it into a quiU^, and thruft a. 
wire into each end> fo as not to meet, and thei* 

make thefe wires a part of the circuit; A lefc 

J* ■ 

charge, will fefve ,if iron filings be mixed with the 

T gunpowder. Spirit of wine, edier, or a mbcturc 

of common and infiammable air^ may alfo be fired^ 
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by the lame means, or even by the fpark from the 
<:ondu£kor. 

If the ball of a thermometer be placed in a u 
jftrong current of cle6tricity, xhc mercury or fpirit 
'will rife many degrees*. 

A firoRg fhock gives polarity to fmall needles. v 
Eleftricity will pals by means of non-electrics w 
<hat are fo fmall as to be deftroyed by' its paffage, 
as has jufl; been inilanced in wires.: |he force of 
the explofion in thefe inftaAces is very xronfiderable, 
and is termed the lateral force of cledricity. The 
following is a proof of this, and may be exhibited 
with lefs than a fquare foot of coated glafs, if 
lyell charged. At the glafs-houfe there is ufually ^ 
a great number of folid fticks of glals, about a 
quarter of an inch diameters if thefe be examined 
narrowly, feveral of them will be found to be 
tubular for a confiderable length, but the diameter 
of the cavity feldom exceeds the 200th part of 
an inch. SdcQ: thefe, and break ofF the ti^bular 
part, which may be filled with quickfilver by fuck- 
ing j care being taken that no wet prcvioufly in- 
finuates itfelfi and then fend the Ihock through this 
fmall thread of quickfilver, which will inltantly be 
difploded, and will break or Ipilt the tube in a * 
jcurious manner. 

If a piece of the common glafi tube be drawn t 
out yery fmall, by means of the blow-pipe, and 

* From 67 to 99 degrees, ia a fiiiall mercurial thermo-i 
meter. See Nairnp's Dcfcription of his Sle^lrical Machine. 
I^n4on, J 7 83, 
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then filled with mercury, the Ihock will caufe 
both the mercury and the tube to difappear in the 
explofion; nothing being feen but fmoke oV va- 
pour. 
; An experiment fimilar to thefe may be made 
with a glafs-tube filled with water. Take a fmall 
glafs-tube, whole cavity is about a quarter of an 
inch in diameter, fill it with water, and ftop the 
end with foft pomatum: through the pomatum 
infcrt two wires, that they may almoft touch each 
other, and make their ends a part of the circuit in 
the difcharge of a ftrong (hock, from about two 
feet fquare of coated glafs; the confequence will 
be, that the water will be difperfcd in every direc- 
tion, and the tube blown to pieces, particularly ;in 
the middle, near the difcontinuation of the wire : 
the ends with the wires and pomatum will fome- 
times be found undifturbed. This is a ftriking in- 
ftance of the velocity and force with which the 
cleftric matter is moved (i. 40.) 
A This property, of being charged and difcharged, 
is not peculiar to glafs, but is common to' all other 
cleftrics, 
B If a thin bottle be exhaufted of air by means of 
the air-pump, it will receive a confiderable charge 
by applying its bottom to the eleftrified prime 
c:onduftor, during which time the eledric matter 
will pafs through the^ vacuum between the hand 
and the inner furface of that part of the ^ glafs 
B which is neareft the prime conduftor. This ap- 
pearance, whofe caufe has already been in fome 

degree 
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degrtc explained (3i8)> is exceedingly beau- 
tifiil in the dark^ efpecially if the bottle be of a 
eonfiderable length. It exactly refenables thofe 
lights which appear in the northern iky> and are 
called ftreamers, or the aurora borealis. If one 
hand be applied to the part of the bottle which 
was applied to the condudor, while the other re- 
mains at the neckj the fhock will be felt^ at which 
inftant the natural ftate of the inner furface is 
reftored by a flafli^ which is feen pervading the 
vacuum between the two hands. 

The cleftric Ihock may be given from a plate c 
of air, by means of two large plates of metal, 
or rather boards covered with tinfoil 5 one of 
which is to be fufpended to the prime conduftor, 
and the other placed parallel to it on an uninfu* 
lated ftand, at a convenient diftance. Thefe 
boards may be regarded as the coatings of the 
plate of air contained between them, and if a com- 
munication be formed between them, by tbuching 
the. uninfulated board with one hand, and apply- 
ing the other hand to the conductor, the Ihock will 
be felt accordingly. It is almoft unneccflary to 
obfcrve, that if the cleftricity be powerful, or 
the diftance between the plates fmall, the charge 
will pafs from the one to the other in a fpark 
through the air. 

If we compare this experimcnit with what has d 
already been obferved refpedling the charging and 
difchargbg eleftric bodies, it will appear that moft 
o{ the cleftric phenomena arc the confcquenccs 
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of the air being charged* Thus, the prime TBOjh 
dudlor imparts its eleilricity to the furface of air 
immediately contiguoiLis, and when the {park isf 
drawn the difcharge is made to the non-ek£trics^ 
namely, the floor and wainfcot of the roomx whicl> 
are in contadt with the oppofite furface. The 
charge of eleftrics has already been obferved to be 
greater {322y t) the nearer the furfaces are to each 
other ; thus, glafs beyond half an inch thicknef^ 
TS. can fcarcely be charged by our machines : in like 
jnanner, the difcharge, that i? to fay, the fpark 
from the condudtor, will be greater, when a large 
company Hand about it thaii at other times, the 
body of air which is interpofed bptween the con- 
duftor and the neareft uninfulated non- elcftri'cs 
being then lefs in thicknefs than at other times. 
f It follows alfo, that a large conduftor >vill .give 
a larger fpark than a lefs; the difcharge being 
from a furface. proportionally greater. sAnd fince 
this difcharge confifl:s chiefly of the eledric mat- 
ter, refiding at, or near the furface of contadt, 
and litde, if at all, of that which may be withm the 
p fubfl:ance of the coadudtor, it is of no confequencc 
whether the condudtof^ be a folid non-eledtric or 
hollow, provided the furface be unaltered in form 
irnd magnitude. Hollow cylinders of copper, or 
tin, or wopd, or paft^eboard, covered with tinfoil, 
or flxpngly ^ilt^ are the condudlors generally ini 

p ^t is a ponfequence of the air being pbarged tHat 
broad non-elecaric furfaces draw large- fpark$ /rorai 
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^ condudtor; for the fparks are the difcharge? 
pf a large plite of intcrpofed air* A lels furface 
,will draw a fcls Ipark, but becaufethe fame ma- 
^chine charges lefs furfaccs higher ^han greater, the 
ipontaneous difcharge through the body of the elec- 
tric air will be made at a greater diftance of the 
furfaces, that is to fay, the iparks will be longer. 
If the furface of the non-eleftric prefentjed be yet 
Icls, the fparks, for the fame reafon, will be lels^ 
and emitted to a ftill greater diftance. And if the 
furface be indefinitely frfiall, or, in other yvprds^ 
if the non-eleftric be pointed, the Ipark may be 
fo fmall as to be invifible, and the diftance to 
which it can be emitted may be unlimited. The 
cffcft of pointed bodies fcems to depend on cir- 
pumftahc^s of this nature j but the reafon of the 
different appearances of die light on points elec- 
trified, pofitively or negatively, ftill remains a diifi - 
cultv. ' 
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CHAP. VI. 



AN ACCOUNT OF SEVEI^AL INSTRUMENTS^ AND Of 

THE PRODUCING AN EfcECTftlC STATE WITHOUT 

f 

EVIDENT FRICTION. 

k The condcnftr is an • inftrumient of the lame 
kind as the eleftrophorus, but differently ufed. 
For inftead of the intcrpofed elcftric beipg pre- 
vioufly charged, it is of great imporjancc h^re, that 
it (hould be perfcftly in the natural ftatc. In this 
fituation if the upper conduding plate be conneftcd 
yifith a larger body weakly elcdlrified, whilq the 
lower plate is uninfulated, the upper will receive the 
cleftric ftate, and 6n being feparated or lifted up^ 
will exhibit it with a much higher degree of intenfity. 
So that very fmall degrees of eleftricity may be 
tendered fcnfible by this admirable contrivance. 

h To explain the caufe of this, it muft be recol- 
lefted that the adion of a neighbouring conduftor 
diminifhes the intenfity of the eleftric ftate in ano* 
ther condudor, more efpecially if the former be 
uninfulated. The eleftrified infulated conduftor 
will therefore admit of a more confiderable degree 
of eleftrization before its intenfity can be rendered 
equal to what it was when Iblitary. Supjtofe this 
done, and the additional conductor then removed^ 

anc) 
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and it is evident that the cleftrified conduftor - 
will, by the uniform difFufion of the clcftricity,. 
be left in a higher ftate of eleftrization than' it 
would have acquired by the fame means . without 
the afliftance of the uninfula^ted conduftor. The m 
two plates of the cond^nfer are in thefe circum- 
ftances : the upper receives more cleftricity, 
becaufe of the vicinity of the lower, and (hews a 
greater intcnfity ' when removed out of that vi-^ 
cinity. 

To accomplifli this purpofe, in the moft effec- tr 
tual manner, it is neceffary that the interpofed elec- ' 
trie be very thin {S'l^y t) and that the furfaces be 
well adapted to each other. The eleftric may 
be a coat of varnifli laid on the lower or upp' •* 
plate, or a thin iUk fattened to the furface of the 
upper. 

If the elcdlricity be ftrong enough to charge o 
the eleftric, the acquifition of the cle<5lric ftate by 
the metal will be counterafted on the eleftrophorus 
principle, and the charge will tend greatly to dif- 
turb and falfify the refults of experiments made 
while it remains. A flight warming of the varnifli, 
either by the fun or any other gende heat,' will, 
however diflipate it. But the beft remedy for 
this, is to ufe fuch an apparatus as will neither 
reuin a charge nor fufier the metallic plate to ob- 
tain a higher electric ftate than it can carry off on 

its feparation* 

The fagacious inventor has therefore fubftitute4 p 
jinftead of the lower or fixed part of the apparatus, 

a piece 
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a piece of dry marble, or marble varnifhed wkli 
.copal varnifli and kept in an oven for a (hort time, 
or very dry y^ood. Here the very thin ftratum of 
;iir between the metal plate and the fubftance it 
Xefts on, feems to fupply the place of the eledric, 
and the imperfeftly conducing power of the marr 
We or the wood, prevents any charge from being 
accumulated. This laft apparatus ^fo perform^ 
its office better than the other. 

/Q^ To ufe this inftrument the metallic plate i$ 
to be laid on the marble or varnifhed metal, arid 
a conne6tion formed between the upper plate and 
the body whofe eledricity is to be examined^ 
This connexion may remain eight or ten minutes, 
or longer, if the eleftricity be very weak, and then 
be removed. The metal plate being lifted up, 
will exhibit figns of cleftricity if the connedled 
body were in an eleftric ftate*. 

|i Various inftruments have jbeen contrived to dif- 
cover the prefence of eledricity, together with its 
intenfity and kind. Thefe hg.ve been adapted to 
obferve either the attra6tion, or repulfion, or thp 
length and figure of the fpark. 

* The eleftrophorus and condenfer were invented by Mr^ 
Alexander Volta^ ProfefTor of Experimental Philofophy at 
Como, &c. This lall inftrument is honourable tto it$ inven- 
tor, not only on account of the exteniively ufeful purpofes tQ 
which it has been and may be applied $ but likewife becaufe 
it was difcovered^ not cafually^ like moft other eledlrical ap? 
paratus, but in confequence of fcientific dedudlidn and reafon- 
ing. See Phil, Tranf. Vol. 72, fart i^ pr Cavallo's Elec- 
tricity. , . y 



. Small degrees of eleftricity are very well (hewrr » 
fey the divergence of two fine hempciv- threads, 
fufpended together from the condudor. If little t" 
balls of pith or cork be fattened to the ends of the 
threads, they will ferve to denote flill greater in- 
lenfitics, as they will not io foon arrive at their 
titmofl: divergence . by the mutual repulfion. Fig* u * 
167,- is a very ufefiil cleftrometer upon this prin- 
ciple* It confifts of an upright flick of box- 
tvood^ A B, oA one fide of which is affixed a 
graduated fenn-circle ; d is a ball of pith or cork, 
xnd is {luck upon the end of a fmall rod or radius 
of woody which, by means of a fmall axis at c, is 
moveable ^ a pl^^c parallel to that of the femi- 
circle. This elefliromcter is fixed upright on the 
prime conduAorj the radkis will therefore hang 
perpendiculafly down when it is not ele<Slrified; 
and according to the intenfity .of the eledric date 
given to .the, conduftor, the repulfion muft caulc 
the ball to afccnd. The afcen? will be marked by 
the graduations* 

This ele6lrometer, though very ufeful, has the r 
irnperfeftion of being Icfe Tenfible of the changes 
of ekftricity when the intenfity is confiderable, 
than when the repulfion. at the beginning of the 
fcale a€l$ at right angles to the radius. It ^ has 
alfo another inconvenience common to all dec- 
trometersy namely, the want of a fl:andard of ori- 
ginal adjuftment, by means of which all inftru- 
ments of the kind may indicate the fame intenfity 
in JSmilar circumftances: 

Fig. 
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w Fig. 1 6 8, rcprefents an cledtromcter for mea- 
luring the length .of the fpark. a reprcfents a fec- 
rion of the prime condudtor; the wooden ftcm b 
' being inferted therein. The bent part d is var- 
nilhed glafs. Through a wooden collar c paflcs 
a wir^ that carries a ball of metal £^ which may 
be fet at different diftances as required. A chain 
may be hung on the outer part f. This eleftro- 
meter is chiefly ufeful for (hocks, greater or lefs as 
may be required. For this purpofe the knob of 
the jar muft be in contaft >vith the prime conduc-^ 
ton and a chain from f muft touch the external 
coating. When the charge is fufficiently high, 
the explofion will be made through the interval 
between a and e. 

X Fig. 169, is a very fenfible eledrometer, well 
adapted for the obfervation of the prefencc and 
quality of either natural or artificial eleftricity. a b c 
is the brafs cafe containing the inftrument. When 
the part a b is unfcrewed and the eledrometer taken 

. out, it appears as reprefented in a b d c. A glals 
tube c D N M is cemented into the piece a b. The 
upper part of the tube is Ihaped tapering to a 
fmall extremity, which isv entirely covered with fcal- 
ing-wax. Into this tapering part a fmall tube of 
glafs is cemented ; the lower extremity being alfo 
covered with fealing-wax, projefts a fmall way 
within the* tube c d m n. Into- this fmaller tube a 
wire is cemented, which, with its under extremity, 
touches a flat piece of ivory h, fattened to the tube . 
by means of a cork. The upper extremity of the 

wine 
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Avire proj€£ts about a quarter of an inch above 
the tube^ and fcrews into the brafs cap i f> which 
cap is open at the bottom, and ferves to defend 
the waxed part of the inftrument from the rain» &c. 
From H are hung two fine filver wires, having very 
fmall corks at their lower ends, which by dieir re- 
pullion (hew the eleftricity. . i m and i n are two 
flips of dn-foil f^uck to the infide of the glais, and 
communicating with the brais bottom a b. They 
ferve.to convey fhat eleftricity, which, when the 
corks touch the glafs, is communicated to it and 
might difturb their free motion, 

iTo ufe this inftrument for artificial cleftricity, t 
bring a body in an eleAric (late (a (tick of fealing* 
wax, previoufly rubbed, is as convenient as any) 
near the brafs cap; the corks (321, o) will di- 
verge 'with the fame cleftricity till one of them 
touches the tinfoil i m or i n, when they will im- 
mediately cpUapfe, Remove the eleftrificd body, 
and the corks will again diverge with the contrary 
eleftricity. ' In this fituation, fuppofing fealing- 
wax to have been ufed, a body pofleflcd of the 
pofirive eleftricity being brought near the cap 
will caufe the corks to diverge ftiU more; but if 
negative, it will caufe them to approach nearer to 
each other. 

When this eleftromcter is to be ufed to try the z 

clcftricity of the fogs, air, clouds, &c. the obfervcr 

is to do nothing more than to unfcrew it from its 

^cafe and hold it by the bottom a b, toprefentit 

to the air in an open place a litde above his head, 

fo 
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lb that he may conveniently fee jthe corks p/ X 
fery fmall degree of electricity will caufe tliem td 
diverge, and its quality may be aftcrtained 'b^ 
bringing an excited flick of iealing-waxy or other 
dc6tric, towards the cap e p* 

• • • ■ • 

But th6 eleftrometer of Bennet, is^ by far the tnblf 
delicate of any of the • inftniments which have yet 
been applied for diftinguiftiing fimple eleftricities.' ■ 

It confifts of two flips of leaf' gold. A, fig. 166/ 
fufpended in a glafs b. The foot c niay be made of 
wood or metal ; the cap d of metal. The cap' i^ 
made flat on the top, that; plates, books, evapo-* 
rating water, or other things to be elcftriRed/ may 
be conveniently pflaced upon it. The cap is'^ about' 
an inch wider in diameter than the glafs, and its' 
rim about three quarters of an irieh brdad, "which 
hangs parallel to the glafs, to turn off the fain aticf- 
keep it fufiiciently infulated. Within this is ano- 
ther circular rim, about half as broad as the other;- 
which is lined with filk or velvet, and fits clofe 
upon the outflde of the glafs ; thus the cap fits* 
well, and may be eafily taken off^ to repair any ac- 
cident happening to the leaf gold. Within thii? 
rim IS a tin tube, 'hanging from tire center of 
the cap, fomewhat longer than the deptK of the 
inner rim. In the tube a fmall peg is placed^^ 
• and may be occafionally tak^n out. To the peg^- 
which is made round at one end and flat at thtf 
other, the flips of leaf gold are faftencd with paftey 
gum-water, or varnifh. Thefe flips,- fufpended' 
by the peg, and that in the tube faft to the cen- 
6 tcr 



ter bf the cap, hang in the midcHe of the glafii 
about three inches longj and a quarter of ad inch 
. broad. In one fide of the cap there is a fmall hole 
to place wires in. It is evident, that wididut the 
glals the leaf gold would be fd agitated by the. 
lead riiodbn of the air^ that it would be ufclefs ; 
and if the elcftricicy Ihould be communicated td 
the furface df the gUfs, it would interfere with 
the repulfion of the leaf goldi therefdre two long 
pieces h h of tiri foil are fattened with varnifh on 
oppofite fides of the internal furface of the glaisi 
where the leaf gold may be expefted to ftrike> and 

* 

in connexion with the foot. The Upper enc| of 
the glafs is covered and lined with fealing wax as 
low as the outernldtt rim> to make its infulation 
more perfed *. 

The fenfibility df this iriftrumeiit is fe gtcsi, as 
even to aftoniih the moft experienced eledtnciaris 
who* have not before been witnefs to its effefts. The 
brulh of a feather* the prdjeftion of dhalki hair- 
powder> or duft, againft its cap pvince ftrong figns 
of eleftricity. The eledricity of vapor is elegandy 
ihewn by pouring a tea-fpoonfill of water on an ajgi- 
tated coal placed in a metallic cup updii the cap of 
this eledrdmeter ! and a very great and pleafing 
variety of other experiments may be made with 
this excellent inftruntent. 

The ingenious cledkriciaii who is riot provided A 
with the inftruments here deferibedi may f.ipply 

* Phili Trarifi vol* 741 p. i?* 

Vol* 11* A« their 
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their place by contrivances which a knowledge of 
the general fads will eafily indicate. Strang elec- 
tricities may be diftinguifticd by the light at the 
extremities of pointed bodies, and for.lcfs intenfi- 
ties a downy feather may' be fqfpended by a fine 
thread of filk. This being eleftrificd, by bringing 
it in contact with the cylinder or conduftor of a 
machine, will preferye its elcftric ftate for a con- 
fiderablc time; during which it will be repelled 
by bodies in the fame {late, and attraded by all 
others. 

B We fhall finifh this general account of arti- 
ficial elcdtricity with pointing out fome of the other 
means of producing it, which do not ieem referable 
,to the ufual method of excitation. 

c .The efcape of vapor or elaftic fluid from bodies 
in a ftate of combuftion, from water thrown on 
hot coals, or from chemical menftrua iq. a ftate 
of efi^ervefcence, leaves the rcfidiic negatively elec- 
trified. Thefe important fafts fcem to point at a 
general law of cledricity, that may tend in future 
to explain the phenomena in which heat is latent 
(117, t), and to which it bears a ftriking analogy*. 

D It appears to be a fair deduction from thefb 
fa£b, that as bodies take up eleftricity when they 
alTume an elaftic form, fo they muft dcpofit it^ when 
they are again condenfed. The experiments re- 
lative to this objcdb require to be varied and ex- 
tended. 

• The difoo^ery of Sig« Volta. See Plul. Tranf- voL 72. 

Sulphur 
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Siilphur riielted in an earthen veflcli and Jilaced i 
to cool lipon' uhinfiilatcd tondiiftdrs, is ftrohgly 
ele£i:ric when taken out> But is not io when it Has 
flood to cool upon cleftrfc fiibftanc^es. 

Sulphur melted in a glafs vSflel acqiiifes a ftrohg F' 
cleftricity in the circiimflance^ above mentioried, ' 
whether the vclfel be placed oh eleftrics or not; 
but ftronger iti the former cafe* This eledlricity 
is yet ftrbnger, if the glafs Be toated with metal, 
tn thefe cafes the glafs b always pofitive, and thd 
fulphur negative. It is particularly remarkablei 
that the fulphur acquires no electricity till it be- 
gins to cool and contract, and is die ftrongeft at 
the time of the greatfeft CoritraAlon : Whereas the 
eledlricity of the glafs is at that tim^ wi&akeft^ and 
is the ftrongeft of all when the fulphur is fhakeii 
put before it begins td tontraftj or has acquired 
afty negative efcftridty*4 

- It has been obferved, that filk or worfted flock- tt 
ings'b^cdmc elcftrical after being worn Ibme 
hoiirS) more particularly the fi]k> as does alfo a 
beaver ftiirt worn between two others; If a white 
and a black filk flocking be wofn on the fame leg^ 
they obtain cdntrafy eleftricities. When drawn 
off together they fhcW very little flgns of elecr 
tricityi but, upon feparating themi each indicates 
an cleftricai^ ftate fo ftrortglyj that the rcpuHidn 
iaflates thjem> fo as to exhibit the intire (hape of 
t^e leg^ ti the two ftockings be allowed to come 

* Tbtic fafts arc denied by Voltai in Phil, Trinfr vol. 71. 

A a 2 togcthett ' 



/ 



1C6 ELECtHICITY WITHOUT EVIDENT FRICTIOK* 

** «■ - » « ^ -• 

together, they ftrongly attraft each other, the in- 
flation fubfides, and they ftick very clofely toge- 
ther} in which fituation they retain^ their elec- 
tric (late, notwithftanding the approach of the 
ftiarpcft metallic point, A fccond feparation again 
exhibits -their relpective eleftricities as before j 
and this may be done feveral times without much 
diminilhing their eledricities, Thev eleftricity of 
the black flocking is negative, and of the white 
pofitive. It is exerted by the friction of drawing . 
the (lockings from the leg. 

H * The tourmalin is a hard gem, either pel- 
lucid or opake, of a red colour, and is brought 
from the ifland of Ceylon, by the Dutch. It pof- 
fefles the property of affuming an eleftric'ftate if 
heated; one fide of it becoming pofitive, and 
the other negative. If this eledlric (late be taken 
off by contaft, the ftone will become ' eleflric as 
it cools; but with this difference, that the fide 
which, during the heating, was pofitive, will now 

, be negative, and the other fide pofitive, which 
before was jiegative. But if the eleftric (late be 
not taken off, the fame kind of eleftricity will be 
found on the fame fide during the whole time of 
heating and pooling. Either fide of the tour- 
malin will become pbfirive by friflion, and both 
may be made fo at the fame time. 

I Thefe are the chief properties of this very re- 
markable flone, which are' aUb common to the 
. . . . - • 

Brazil topaz, and fome other gems. There arc 
feveral impprunt particulars relative to this and 
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every other branch of eleftrlcal knowledge, which 
cannot be enumerated and defcribed, in^ an intro- 
duftory book, on account of the great length of 
detail they would require. For thefe, the ftudent 
muft have recourfe' to treatifes written cxprefsly 
on this fubjedt. There are alfb a number of fan- 
ciful and pfeafing variations of the common ex- 
periments. Bells are rung by an uninfulated clap* 
per^ which is alternately* attracted dnd rq>elled be- 
tween two bells in oppofite ftates of eleftcicity? 
figures . cut in paper are made to dabce by the 
attradlion and repulfion between two metallic 
plates; light mills of pafteboard are driven roundl 
by the current of air from electrified points> &c.- 
&c. particular accounts of aU which may b« had 
in pamphlets, which are frequently Ibid by the, 
makers of the eleftrical apparatus *« 

* For a fuller accouiit of eleftrical difcovcrics and appa-^ 
ratus, confult Prieftley's Hiftoiy of Eledlricity;, A4ains'* 
BBay dh Eleftricityj or Cavaliers Complete freafiftf. 
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C H A p. VII. 

Of NATURAL ELECTRICITY; AlfD OF THE iPENFii 
TITY OF LIGHTNING AND TH£ E|,ECTRIC MAT-r 
TER. 

That elcftriclty is no trivial or confined fubjjeft, 
muft appear from what has already been faid, fince 
dierc is no body in nature that is not aftcd upon by 
it> cither as a conduftor or non-condufton The 
impoitance of the cleftric matter in the fyftem 
of the world is more particularly confirrncd by' 
obfervatiohs ^ on thofe phenomena which take place 
without the concurrent operatipn of man. Of thefc 
it will be proper to give fbme account. 

Several filhes poffefs the property of givigg 
the pledric Ihocjc. . The torpedo, or numbing 
fifh, aiKi oqe pr more fpecips pf eels, frpqi Suri- 
nam, if .touched by the hand, a* metal rod, or any 
other condudlor, give a conficjerable fliock to the 
arm, but may be fafcly touched by means of ^ 
ftick of fealing-wax. The (hock depends on the 
will of the fifh, and is tranfmitted to a great dif- 
tanccy (b ^t if perfoqs in a (hip happen to dip 
their fillers or fept in the fea, when the fifh i^ 
fwimming at the djftjMice of fifteen feet, they are 
afFeded by it. Mr. Wallh exhibited the ^ftual 
fpark of explofion by the Gymnobltis ^leftricitics 

from 
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from Surinam. For this purpofe part of the cir.- 
cuit was forfned of a Hip pf tinfoil pafted^upon 
glafe, and divided by one ftroke of a fharp knife. 
At this break the fpark was feca very luminous 
and' bright. 

Many diibrders of the human fi^me have been m 
cured or relieved by eledlricity. In all cafes> ex- 
cept thofe called nervous, the eleftric 'wind from 
a wooden or metallic point, the fpark or gende 
fhocks may be fafely adniiniftered without fear of 
doing harm, if no good efFc6l: fhould be produced. 
This remedy fecms peculiarly applicable to local 
diforders, fuch as fwellings, contradions, rheu- 
matic and other pains, palfies,, &c. in which its 
^ffcdts are very often wonderfully fudden and befiC'>* 
ficial. The {park or fmall fliocks through the 
pelvis, regulated according to the feelings of the 
padent| are faid to be an infallible cure for the 
fuppreffion of the catamenia; and it is cert^, 
that in many deplorable cafes it has cStQxd a 
cure. It is generally admitted as a rule in the 
application of ejedricity, that it nought never to 
be fb (Irong as to be di(agreeable to the patient 
in any confiderable degree. 

But |;he moft remarkable appearances of elec- h 
tricity, which are viewed with furprife and admi* 
ration by all ranks of people, are thofe which may 
be termed atmofpherical, as for the mott part 
exifting in, or depending on, the ftatc of the at- 
mofphcre. Lightning is proved to be an eledlrip 
phenomenon, and there is litde doubt but the aur 

; A a 4 ror^- 
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rora-borealis, ivhirLwinds> vrater-^outs, dn^ tu^i 
quakes, dep«en4 on the i^me principle. 

9 The refemhlance between the eledbric ip4rk 'aiid 
lightningy is fo -obvious, that we find it gm^rt)g the 
carlieft obfcrvations on the fubjcft ; but the proof 
of the important theorem of their identity was re- 
fenred for Dr. Franklin, who is fo juftly ccIct 
braced for his many difcoveries m this branch of 
nacural philofophy* He firft obfcrved the powe? 
of uninfulated points, in drawing off the ele£tri- 
city from bodies at great diftances, and thehce in-; 
ferred that a pointed metallic bar, if infu)ated at 
a confiderable height in the air, wotild become 
eleflrical by communicadon from, the c},oi^s durr 
ing a thunder-florm. He communicated thi$ 
thought to the public ; and feveral machines,. coi>- 
fitting of infiilatcd iron jbars, erefted perpendicur 
lar to the horizon, and pointed ^t top, were fe$ 

? up in different parts of France and Englwd. The 
£rft: apparatus that was favored with a viiit froni 
this ethereal matter, w^s that.qf Monf. DaUbard^ 
at Marly la Ville, fibout fix leagues from Paris. 
It confuted of a bar of the length of forty fee^ 
and was eleftrified on the tenth of May, 1752, for 
the fpacc of half an hour, during which time the 
longeft fparks it emitted meafured about twq 
inches. 

iQ^ Dr. Franklin, after halving publifhed the. mcr- 
thod of verifying his hypothefis cpnceriiing the 
famenefe of ekftricity with the matter of lights 
ning, wa& waiting for the erefliofi of a ipire ii\ 

Philadelphia 
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J^hSaddphia to carr^ his ylews into execution ; not 
imagining that a pointed;^ rod of a moderate height 
cpuld anfwer the ptirpoie; when it occorrtd to 
him, thajt by means of a comn^H^n kite h<^ could 
^ave a readier and better accefs to the region3 of 
fhunder, than by 4tny fpire whatever. Preparing 
jtherefore a }arge filk handkerchief, and two- crofs 
ilicks of ^ proper lei^h, on which to extend it ; 
^e fook the opportunity, of the firft approaching 
^under-ftorxn, to w^k into a field in whijch there 
wa5,a Ihed convenient; for his purppfe. But, dfead- ' 
iog the ridicule which ' too commonly afttends iin- 
^ceisfiarfMxempts. in fcienc^, he Gommunicated 
his-intendcc}. ^jtjp^nnient to nobody but his foil, 
9?ho aiTifted him in r^ifmg the kite* 

The kitp being 'raifed, thd end of the ftring be- R 
).ng tied; to ajilk ftring» which he Held in hts^ltend, 
fLf^ a fmaU key being f^jlened at the place. pf 
junction, a confiderabk time ekpfed before there 

4 

was any appearance of its being eledtrified. One 
very promifiag cloud had paiTed over it without 
^y (efife£t.f when,, at: length, juft as he wa& be^ 
g^rmii^ to delpair of his contrivance, he obfervcd 
fome loofe thritads of the hempen ftring to (land 
^reft, and to avoicj one another juft as if they hjod 
been fufpended on a common condudor. Struck 
with this promifing appearance, he immediately 
prefented his knuckle to the key^ and, let the 
reader judge of the exquifite pleafiire he felt at 
fht moment, the difcovery was comf^d?; He 
percciyed a very, evident cli©aric Ipark. Others 

fuccecdcd^ 
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fuccccdcd, even before the ftring was wet, fo as 
to put tbc matter paft all difpure; and when the 
rain had Wetted the ftring, he colledked the elec- 
tricity very copioufly. This happened in June 
1751, a month- after the eledricians m France had 
verified the feme theory, but before he had heard 
of any thing they had done, 

' The grand praftical ufe which the Doftor made 
of this difcovery, was to fecure buildings from 
being damaged by lightning, a thing of vaft 
confequence in all parts of the world, but more 
clpecially in Icvcral parts of North America, where 
thunder-ftorms arc more frequent, and their ef- 
k&Sf in diat dry air, more dreadful, than they 
are ever known to be with us. ^ 

This great end is accompliflied by fo eafy a 
method, and by fo cheap and feemingly triffifig 
apparatus, as fixing a pointed metalline rod higher 
than any part of the building, and communicating 
with the ground, or rather the neareft water. This 
•wire the lightning is fure to feizc upon, preferably 
to any other part of the building, unlefs it be very 
laro'C and extended, in which cafe wires may be 
crcftcd at each extremity i by which means this 
dangerous power is fafely condufted to the earth, 
and diflipatcd without doing ^ any harm to the 

building, 

Conducing rods are now become very com- 
mon, both for the purpofe of fecuring buildings, 
and of maldng obfervations on the ilate of the at- 
. mofphere. The beft of thofc which arc intended 

for 
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jg>r the Utter piirpofe, is the following. On the r 
tpp of any building, which will be the more con- 
venient if it ftand upon an eminence, ercd a pole 
as tall as a man can manage without difficulty, 
having on the top of it i folid pieces of glafs or 
baked- wood, a foot in length.. Let this be co- 
yered with a tm or copper veflel in the form of a 
^nnel, to prevent its ever being wetted. Above this^ 
let there rife a long flender rod, terminating in a 
pointed wire, and having a fmall wire twiftcd 
round its whole length, to conduft the eledricity 
the better to the funnel JFrom the funnel, let a 
wire defcem} along the building, about a foot 
diftanpe from it, and be coi?du^©d through ' aa 
open fafti iptp any room which (hall be moft conve- 
pient fer rnanaging the cjcperiments. In this 
f 00m Jet a proper copdu(5lor be infulatcd and 5on- 
pefted with the wire coming in at the window* 
This wire apd pondudlior, being 'completely in-* 
fulated, will be eleftrified whenever there is a con- 
fiderable quantity of cleiStricity in the air; and 
potice ^ill be given when it is properly charg^(^ 
cither by the mptual repulfion of two fmall halls 
of cork hung t^ it by threads, or by the ringing 
of two fmsjl bells, the one fufpended from, and 
communicating with the qonduftor, and the other 
uninfulated : thefe bells will be in oppofite flates 
of eledricity when the c6ndu£tor is cleftrificd, 
and if a clapper or fmall inetallic ball be . hung , 
by a filk thread between them* it will be alter* 
pately attrafilpd and jcpelled by each, and confer 

quently 
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qucnfly indicate the cleftricity of iiht 

w by ringing. The confldnfer (339, k) \% 

life to afcert^ti the prfeftnce and quaE 

fj)h*rical cleftricity whfch the cbndu 

/flightly cleftrifred to attraft ^ thread, c 

any of the ufoal appearances. ' ' 

n To make thefe experiments in pei 
/ the clt&rified wire Ihould be brought ' . \ ; r 
inches of a conduftihg rod, v^hich feri . . 
the houfe, th<ft: the feduridant efcftrfci 
ofiF that way, without Itrlkhig any perfc 
happen to ftand riear k. The conduft ^ . _ . . 

' Ac houfe fhould confift of a rod, witft 
or difcontinutti^, btiwkiAi one fburd 
half of an inch thick, i^ it be of iron, 
if it be of brafs or cbpper, itetoinatTn 
in i (harp poirtt about four or five ftei 
higiieft part of the buildiAg: it is Corive>. ...^c ttiat 
this pofnt be of gold; 01^ gHt, to preleiVd it fr6m_ 
rufting. The lower c^nd of the rod (fcobld, if 
poffiblei be continued to fomc ^i(rill dr running 
W&ter, or 6then?rfife it fhould be fonk feverit feet 
into the gf bund, at the diftahce of l*ome yands 
ffom the building, ft is of n6 (fofrieqiience how 
many bindings are lifidde in the rod, biit it is 
rtmeh bettdr to faften it ttt the oiif fide than tlie 
iiiJMfe of the buildWg^;' fof thefe *<:onauLlbrs are 
falown to emit fp^fks during thuhder-rtbfms; not- 
withftaildihg thdf ftfehiori iri this earth, from 
v^HMi'izM cbnfequehc/d^ ifiay be' apprehended 
V^hen*thfi tl€&nd force? is very great." ' 
• ' k 
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It is clear, from many inftances, that the lights y 
which are feen at the maft-heads of lliips, and 
on the vanes of fomc churches during thunder, 
owe their origin to the eledric matter paffing by 
means of uninfulated points. ^ 

The polarity of the compafs-ncedles has been z 
known, in feveral inftances, to have been deftroy-. 
ed or reverfcd by lightning. An effed which, as 
has been obfervcd, may be produced by the cjcflric 
(hock from glafs (334, v). 

If the eledrician be defirous of making experi-Ni, 
ments upon the eleftricity of the atmofphcre to 
greater exadnefs, he , riiuft raife a kite, by means 
of a firing in which a fmall wire is twifted. The 
jbwer extremity of this line muft be filk, and the 
M^ire muft terminate in fome metallic condudor 
of fuch a form as ftiall be thovight moft convenient. 
But it is dangerous to raife it upon the approach of a 
thunder-ftorm ; and upon this occafioa the com-? 
mon apparatus for drawing eledricicy from the 
clouds will probably anfwer every intended purpglc. 
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CHAP. VIII. 

OF LlGHtniSG, AND OTHER MBT£ORS^ , 

• , • 

B To know that lightning and the eleflric mattci* 
arc the fame, is a great ftep in natural philofophyi 
but we muft ftill remain ignorant of the caufes of 
many of the appearances which accompany light- 
ning, fo long as our acquaintance with the pro* 
perties of de<5tricity is fo very imperfeft. We 

c know that the clouds are almoft always eleftrified^ 
ibmetimes pofitively, and fomctimes negatively} 
but whence, or by what means, they acquire that 

DL ftate ; whether by the heating or cooling of the air, 
upon the Tourmalin principle, whatever that may 

E be, or whether the clouds be only the conduftors 
by which the eledlric matter is Conveyed through 
the air, from places in the earth where it is rcf-* 
dundant, . to other places where there is a de- 
^ficiency, cannot eafily be determined. . The firft 
is the conjefture of the well-known Mr. Canton^ 
and the latter is the chief propofition in the theory 
of that great philofopher Sig. Beccaria of Turin* 
It is probable that both circumftances may con- 
duce to the efFeft i the heating or cooling of the 
air may produce, or rather colleft, that cleftrl- 
city, which is fo great an agent in atmofpherical 
events, and its difcharge may be eH^died in the 

manner 
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manner in which Signor Beccaria has, with great 
probability, fuppofed it to be accomplilhed. 

-The difcovery of Sig. Volta, of the cledri- f 
city of vapors, or elaftic matter raifed into the 
atmolphcre by fire or otherwife, is a moft capital 
advance towards the pcrfed knowledge of thtf 
caufe of the eledlric ftate o( clouds, mifts, and the . 
like. For vapors, carrying off a larger portion 
of cleftricity- than when in the fluid ftate, muft 
conftantly give out a part of the fame (346, i>) 
when they arrive in the fuperior and colder re-- 
gions of the air, where they become more con- 
denfed, aod form clouds. Clouds and rain will 
therefore , n;^urally have' the pofitive eleftricity^ 
thoi]gh a' cloud, when - once formed, may, by its 
influence on neighbouring clouds, caufe them to 
become negative (321, o), by imparting not 
only their natural furplus, but even more toahe 
earth. ^ 

A thunder-ftorm ufually happens in calm wea- c 
thcr. A dark cloud is obferved to attract others 
to it, by which it continually increafes in magni- 
tude and apparent denfity. When the cloud is 
thus grown to a great fize, its lower furface fwells 
in particular parts towards the earth, fbmetimes 
by light flimly clouds, and fometimes by an infe- v 
rior protuberance. During the time that the cloud 
is thu^ forming, flaflies of lightning are feen to 
dart from one part of it to the other, and often to 
illuminate the whole mafs^ and fmall clouds are 

o>fervc4 
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obfcrved moving rapidly, and . in very unccrtatrt 
dircdtions beneath it. When the cloud has acquired 
a fufficicnt extent, the lightning ftrikes jhe earth in 
' two oppofite places'; the path of the lightning ly- 
ing through the whole body of the cloud and its 
branches, 

H ' That thunder-clouds frequently do nothing more 
than conduct the eledtric matter from one place to 
another, is not only probable, on account of its 
ftriking in two places, bilt likewife from the con- 
fideration, that the emiffion of theflafh would deftroy 
the elcftric flate of the clouds, if it were not im- 
mediately recruited from fome other part. But the 
deftric ftate is not deftroyed after a flafh, if we may 

, judge cither from the eleftric apparatus, or from 
the cloud itfclf ; for the firft appears to be not Icfs 
de6lrificd, and the latter is the next moment ready 
to make as great a difcharge as before. Befides, if 
the two flafhes of lightning, which ftrike at different 
places, nearly at the fame rime, were fimplc, fimilar, 
and independent difcharges of the cloud, why fhould 
they refemble each other ? and yet they do very 
ipuch, as appears by obferving a thunder-ftorm at 
a diftance. Then it is fcen, that if one part of the 
cloud give a fingle flafh, the other extremity will 
give, or rather receive, a fingle flafli a fhort time 

^ or the inflant after ; but if it give two, three, or 
four quick fuccefTive flafhes, the other extremity 
will receive a like number a . litde, but very per- 
«cprible a time after. The angular diflance be- 

tWCCtt 
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IWeen the places of thefe correfpondent flafhes is 
frequently foiir or five points of the compafe. 

It is remarkable, that moft detached clouds, whofe i 
angular heights are but fmall, and which coniequent^ 
ly may be viewed in profile, are varioufly arched-at 
their upper furface, while their under furface is hori- 
zontal. This appearance is particularly obfervable 
in thunder- clouds, and al(b takes place in the fmoke 
of refin, or fteam of water, eleilrificd by the com- 
mon machine^- 

Whatever may be the' caufe that difturbs the k 
equilibrium of the cleftric matter ih the atmof- 
phere, it may eafily be conceived, that when 
fuch difturbance happens in the upper, and highly 
rarefied regions of the air, the equilibrium will be 
reftorcd by dartings and eleftric corufcations 
riirough the vacuum, fimilar to thofe exhibited ih the 
vacuum of the air-pump. This confideration ac- 
counts for the aurora borealis, which has cpmnionly 
a motion of darring or undulating between two op- 
pofite parts of the heavens. 

In clear and calm weather, when the eledricity 
is not f cry ftrong, it may pafs through the air 
without bringing any great quantity of vapours 
into its courfe, and, according to the conduAors 
it meets in the air, it will fometimes be rendered 
vifible for fmall parts of its paflage, * and occafion 
thofe appearances which we call Ihooting-ftars. - 
It is obfervable, that fhooting-ftars, feen at.ajiy 

timcj in general all direft their cpurfc the fame 
way. 
Vol. !!• B b The 
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M The balls of* fire, as well as the ihoofiflg-ftarSy 
. occafionally feen in the air, feem to be mafies of 
ele£bricityi at Xo great a diftance that their angular 
velocity b not fufficient to prevent the eye from 
difcerning their fhape. It is probable that every 
eleftric fpark or flafh of lightning confifts of (Hie 
or more balls of fire^ though^ their extreme velocity 
prefents them to the eye under the fi)rm of a Knc 
or lines (i* 259, o). 

U The ignis fatuus^ or Will-with^e-wi^, is a 
luminous meteor that feldom appears more than 
fix feet above the ground. It is found chiefly 
about bogs, and is always in modon^ varying both 
its figure and fituadon in a very uncertain man*- 
ner. In die plains in die territory of Bologna, 
diey arc frequently very large, and give a light 
equal to a torch -, and there are fome places where 
one may be almpft furc of feeing them every dark 
night. It has been conjcftured that dicfe meteon 
confift of inflammable air, which has been kindled 
by eleftricjty. 

o It was obfervcd of water-fpouts, that tht con- 
vergence of winds and dieir confequent whirKng 
motion, was a principal caufe in producing that 
cflTeft {63, l) ; but there are appearances which 
can hardly be folved by fuppofing diat to be the 
only caufe. They often vanifli, and p«fently ap. 
pear again jn the fame place : whitifli or yeUowifli 

- A *r a'* ^^^"^ ^** ^''^ * ''''^"*"^ ftatcment of faas and 
dcduaiont refiMaing meteors of Ais kind in the PhU. Tranf. 
▼01.74. 

flames 



flftfnes have fometiines been ficq movii^ with 
ppodigious fwiftncfe about them, aod whirhriridi 
are obferved to cleftrify the apparatus vwy fln&ng- 
ly. The tioie of their ftppear^ncc is gtinerattf 
thofe months whidi i»rc peculiarly fubjeft to thun* 
der^^ftorms, and they are commojily ppocodedj ac^ 
companied, or followed by lig^tniog^ the pi^vinus 
fiate of the air 4)eifig afilce in both cafes. And 
tlie long eftablifhed cuftom, which die failo» have# 
o£ prcfeitting fliarp fwords to difpeife them, is n6 
tnconiiderable circumftance in favour of the fuppo- 
fidon of their being eleArical phenomena. Per- 
haps the aicending modon of the air, by whidt 
the whirling is produced, may be the asrttr^ 
known to ilEise from eledrified pomts, as the fbrnf 
of liie protuberance in the fea is ibmewha( points 
ed i and the electrified drop of water^ het^itohr^ 
n^entioned^ may 2(S6xd confidemble light m expir- 
ing this appearance. 

It is extremely probable that earthquakes owe P 
their original to the difebuge between a cioud 
and the ^arth, in a highly eleftric ftate, or even 
between two clouds#r They happen moft frc- 
quendy in dry and hot countries, which itrc ffiofi 
ful^e£t to lightning and other ekdrical phteo- 
mena ; and are even foretold by the eledri(^ cb- ' 
nifcations and other appearances in the air, for 
fome days preceding the event. Earthquakes are 
attended by rto fire, vapor, or fmdl, which how- 
ever could hardly fail to appear, if the common 
opinion, of their being occafloned by a fubtcrra-' 
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37ft IVHIRXAfll^DS AND £ARtH(tyAiCE»« 

neous explofion^ were true. The cfFcft of an *«-• 
plofion of this nature would' be a gradual lifting 
of the earth,, after which it would fall again, and, 
ftp doiibt, dcftroy or change the courfe of fprings; 
and confiderably alter the face of the country: 
die contrary to all- which is true; for, as far as 
obfervation can detcrminei the ihock of an earth-* 
quake is inftantaneaus to the greateft diftances^ 
and feldom does more mifchief -than overthrowing 
buildings. Earthquakes are ufiially accompanied 
by rain, and fometimes by the moft . dreadful 
thunder-ftorms. All thcfe, and many mor« cir- 
cumftances, but efpecially the almoft inftanta^ 
n^ous modon of the fhocki induce us to look jfor 
their caufe in clcfiricity, the only power in nature 
thfit acknowledges no fenfihk iranfitioit of time in 
its operations* V/ 

(^ Dr. Pricflley, in his Hiftoxy of Elefbricttyj 
has given an abridgment of Dr. Stukely's . obfer- 
.. vadons and inferences pn this fubjedi and has 
^mfelf fhewn, by experiment, that the eleAric 
fhock caufes a vibration fiiDilar (o that of an earth- 
quake, /when it pafTes at or near the {urfkcc^ o( 
bodies. 
R It may be here obfervcd, that the knowledge 
we have of the properties of ckdtricity has been 
acquired, for the greater part, within the laft 
half century; and . that . if difcoveries proceed as 

« 

rapidly as they have began, it may be Jioped, 
that a fimilar period will afford a more perfedt 

acquaintance 
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acquaintance with the influence of electricity not 
only on atmofpherical events^ but likewife on mag<*» 
netifm^ vegetation^ mufcular motion^ and other ap- 
pearancesj in which^ it is more than probable^ this 
great and adUve power has a (hare. 
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-^^ platina, 129, 
Acids y 159. 
Acidy acetous f 117. > 
Acidy aerial^ 158. 21*1 : 
Acid of amber^ aoo. 
AddofantSy 214. 
Acidofarfenicy zjj* 
Acid of bmzoiriy 212. 
Acid of borax y 202. 
Acid of fat y 214. 
AcidofJIuory orjpar^ 200. 
Acid of lemonsy 21 1. 

Acidy mariney 148. its combinations) 199 & feq« 
Acid of milky 213. 
Acid of molybdenay 288* 
^r/^/y mtrousy and its combinations^ 189 & (eq 
Acidofphofphorusy 2o6. 
Acidofprujfian bluiy 2 1 6, 
Acidofjorrelf 210. 
^f/^/ ojfugary 208. 
-rff/^ offugar efmilk^ 2 1 6# 
Acid of tartar y 219. 
^(ci/, vitriolic y 177. 
Acid of wolf ramy 288. 
j^ffmityy chemicaly 137 & fe^« doublei 144% 
Aggreg^tiofty 139, 
^r, alkatincy 232, 

^/V, afmojphericaly 29. its fpecific gravity, 30. preflure, 31. 
refeu^ve power, 49. ipring, 53. apparatus for experi-* 
ments with, 155. teft for afcertaining its purity, 191. '^ 
is an ele<%ric, 324. charged with elefkric ms^tter^ 342^ 
Airballoony 92 — lOO, ^ 
j£ry fixed. See Acid aeriaU 
Airy fluor acid^ 20 1. 
Airy hepatic J 282. 
^/V, ir^mmabUy 93, 170^ 
^/r, marine acid^ 199. 
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A'lr^ nitrous^ 189. 

Air^ phojphoric, 283. 

jiir pumpj icx>— 1 1 1 . 

jliry furcy vital, or dephlogijiicated^ I36, 

jtify vitriolic acidy 184. / 

Alembicy 130. 

Alkali y mineral ormarine, 1 61 • 224. 

, vegetable^ 1 61. 226. 
— , volatile, 144. 162. 231. 
-<^//d^jr, 232. of coins, 245. 250. 
Afnalgarm, 555. for cle£b-ic purpofes, 316. 
Amber, x 96. its acid. ^^ Acid of Amoer 
Ammoniac, fal, 144. 231. 

Animals, why they are equally hot in all climates, 1 24. 
Antimony, 280. 

Apparatus for impregnating water with fixed airy 15^, x^d. 
^1/^7 ''^^^^, 198. 
Ardentlpirit. See Spirit, ardent* 
Argand, 292. 

Argillaceous earth. See Earth, argillaceous. 
Arfenic, 277. 

-4/^J' of ores, 235. of gold by cupellation, 242. 
AtmoJphere,,7.% & feq. its height, 34, 35. ^o, 
Attrahion, chemical, I37&ieq. 
Aurora borcalis, 376. 
Aurum mujivum, 274. 
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Baldwijts phofphorus, 29 1 . 

Balloon. See -^/V Balloon. 

Balk of fire-, 377. 

Barillia, 227. 

Barometer, 32. its application to meafure elevations, 35 — 48. 
its rife or fall from mere change of temperature, 40. from 
the varying preffure of thp air, 72. marine, 73. 

Bath, chemical, 132. 

Battery, ele^ricai, 339, 

Bell^metal, 260. 

Benzoin, 212. 

Bergman, 173, 

Berthollet, 189. 

Bfmuth, 276. 

52c7f it A?fl^. Sec Plumbago. ♦ 

Black wad, 284. ' 

Blow-pipe y 134— J56, 

Boiling 
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JBoiltng poiHty Jr6. 125, 125. 
Bolognian phofphorusy 291. ' v 
Borax J aoi. its acid. See AcidofBoraxm 
Brafsy 261. 
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Calcareous earth. See Earth, calcareous^ 

Calces oj" metals, 238, 239. 

Calxy 152. 

Canton^ s phofphorus J 291. 

Cc?r^ o/* ^^^ mariner* s compafs, 296. 

Cafe^hardenlng, 269. 

CaJJiuSj purple powder of, 244. 

C^rw/^, 255. 

Charge^ eleSiric, 333 & feq. 

Cinnabar, 251. 

C/<:?y. See Earth, argillaceous. 

Cobalt, 270. 

Cw«j, ^t?/<j/, 245. filver, 250. 

Colours on heated copper, 259. on iron or ftecl, 258* 

Combujlion, 124^ 125. 1 50. 174. 

Compafsy mariner'' s, 56. 296. variation of, 304. 

Condenjer of eleSlricity^ 348. 

Conductor of eleiirii^ty, 31 1, for buildings, 36 !• 

Copper^ 259—264. 

Corrofive Jublimate, 254. 

Crawford, Dr. 126. . 

Crucibles, 129. 

Cryfiallization, 152. 

Cucurbit, 130. 

Cupel^ 129. I 

Cupellation, 242. 

Cylinder, ele^rical, 312. 

D 

Dalibardy Monf. 358. 

Deflagration of nitre, 188. 

Diamond, 171. 

Dipping'-needle, 297. 

Dtjiillation, 130. . ^ 

Diving-bell, 92* 

£ 

V 

Earths, 163. 

Earth, argillaceous, i66. 

Earth, calcareous, x64. 
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INDEX. 

Earthy mapte/tany l66. ' 

Earthy ^pafukfiuSf 164* 

Earth^JiliceouSf 167. 

Earthquakes y 371. 

Eaudeluccj 232. 

JPf Atf, 66. 

Ele{fric<i or mn-condu^or^ 309. 

EU^ricity^ 48. 226. obtainea by rubbing a tube of glaft, 
308. , its habitudes with bodies, 308 — 310. whether it be 
matter, 310. obtained by a madiine, 31 2, 313. excita* 
tionof, 314. pofitive and negative, 317 — 320. attrac- 
tion and repulfion, 320. afFeded by points^ 321. 
wind caufed by it, 322. fparks crooked, and through 
a Tacuum, 324, 325 — 345. with water and fxtxn 
low points, 326, 327. the ^wo elefhicities di^nguiflied 
by an inftrument, 327, produced without communica^ 
tion, 328. charge of; 3^1 & feq. (hodi from, 336. cod- 
dcnfed by jars, 337 & ieq. a£Fe£t& the thermometer, aad 
givespolarity to needles, 341. condenTed, 346. inftinunents 
to meafure its intenfity, 3404 3x0. obtained without evi- 
dent fri£lion, 352^—354. oC mnes, 356. xnediqd, 357. 
atmofpherical, 357—371. 

EUHrometer^ 345 — 3^1. 

Ele^rophorusy 335; 

Elements^ or firji principles ^ 14X. 147. 

EBquatioHy 250, 251. 

Effomfalt, 175. 

Effay. See Affay. ^ 

£ther^ 123. 238. 293. 

Etbiops mineral^ 244. 

Eudiometer, 186. 

Excitation of Ele^ricity, 314 — 318, 

Fermentation^ 217. vinous, 2i8» acetous, 219* putre- 

fadlive, 220. 
Fire engine, 80. 
Fyhele^ric, 349. 
Fixed air. See Aerial acid. 
Flowers chemical, 1 31. 
Fluid, defined, I » prefiure of> 3 & feq. motion of, 19^22* 

refinance of, 22 
Fluidity^ itscaufe, l.liS, 
Fluor, 194. its acid. See Acid of Fluor ^ 

Fbix^ 



INDEX- 

Fluxy whlte^ 226. orude, ibid, black, or reducing, ibid. 

Fountains^ 22. 8 1. 82. 

FrankUfii Dr. 360. 

Freezing mixtfire^ its ai^on explained, 123. 

Freezing-point^ 75. 127. See TkeniMneter. 

Fulminating goUf 243. 

Furnaces, 132 & feq. 

Fufibilitj ofmetalsy altered by nsixtnre, tjj^. > 

G 

Gagi for the air-fumpy 104— -io6. 

Galena^ 240* 

Glafsy 142. 228. 283. 

Glafsofleadj 257. 

Glauber^ s fak^ 1 74. 

Goldy 241. 

Gramlation^ 238. 

Gravity, Jpecific. See Specific Gravity* 

GunpawJer^ 188. 

H 

Halle/ 5 hypothejts concerning the variation of the eoff^fs^ 305. 

Hardnefsy its canfe, 139* 

Harmony, 69. 

Heaty 112 — 126. methods of applying it, 127* ftriking 

analogy with eledricity, 354. 
Heliotroptumy 161. 
fJ^^r, 176. 
Hepatic atr, 171^ 
Hydrmieter, 13. 
HyJroJlatical inftrwnentt 15* 
Hydroftaticsy 3. 

I 

<ar, ek^iricy 337* 

Igmsjatuus, 369, 

jft^mmuMtSy 150. 

fr^lammation of oils by nitrous add, 194. of kon with ful* 
phur, 271. of cupreous nitre widi tin, 274. of black wad 
with oily 294. of various fubftances by elc&icityi 340. 

Inky 1^1. 

Irony 264. «^ 

X 

J^rwan, Mr. 119, 
Jute^ efeftficalj 300« 
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L 

Lampt 292. 

Lavoy 234* 

Leady 255* _ 

LeafgM andjilver, tkcir thkkncls, 237. 

Lemmsj 210^ 

Life, 146, ' 

Jjghtmngy 360 & feq. 

Litharge, 257- , 

JJver affulphur, 182. , * 

Loadftone, 294. 

Logarithms f 37 • . 

Longitttdey 300. - - - . 

Xtt»i2 cornea^ 24S. 

M 

Machine, eU^rieal, 312. 

Magnejia. See Ear/A, magn^n^ 

JUagnetifm, 295. 

JManganefe, 197, 282 • 

Marine acid. Se^ Jcid, marine^ ^ 

Mariner* 5 compafsy 56, 304. . 

Marmor metallicum, 168. i8o» 

Matrix of ores, 2^^. , , , • ^ ^ 

Mattras, 129. . , . 

Melody, 69. 

Menjiruum, 143. 

Mercurim dulcis, 252. 

Mercury or qtnckjilvery 17. 127. 249. 

Metallic fubftances, 1 70. 237. 

Microcofmic fait, 2o6. 

if^/^, 212. 

Mmeralizers, 234. 

Minium, 254. 

Mixture, 142. 

Molybdena^ 288. 

Mountains y their height mcafurcd by the barpmetcr, 35—48- 

their Ibrudkure, 233. 
Mundic, 177. 
jW^r, 67— 71. 

N 

Nairne's ele^rical machine, 313. 
' JV^^^/tf, magnetic^ 295. dipping, 297. . 
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^ttr^y 185. fluadrapgular, 293. fixod by charcoali 125. 

mercurialy 253. 
Nitrous acid. See Acid^ nitrous* 

O 

Oilsy 292, 194. Inflamed by nitrous acid, 188. dryine;, 258. 
Oresj 228. afiayed and fiiieited, 229. of gold, 235. orfilver, 

240. of mercury, 243. of lead, 248. of copper, 25 1« of 

iron, 257. of tin, 265. 

P 

Papiffs digefter^ 149* 

Parkn*slens^ 162. 

Parting <f gold andjiher^ 243* of gold alone from all me- 
tals, 243. 

Pewter^ 275. 

Pblogiftofiy 150. i69, 

Pbolphorusy 1 73. 197 — 204. of Bologna, of Baldwin, and of 
Canton, 291. 

Phofphorefeenci of hodiesj 290. 

Plafter of Par u^ l8o, 

Platina^ 245. 

PlumbagOy 174. in iron, 269. 

Pltanbum 4:ornmmy 257. 

Polarity J 296. 

Poles ^ magnetical^ 297. 

Ponderous iarth* Sit Earthy ponderous* 

Pot-afh^ 224. 

Precipitate per fcy 25 1. , 

Precipitation^ X43. 

Prieftley, Dr. 186. 363. 

Principles^ chemical^ 141. I47« 

P ruffian bluCy 2 1 4* 

Pump, ^(ji. 

Putrefa^ion, 219. 

Pyrites y 177. 

Pyrophorus, 290. 

Q_ 

^uickfilver. Sec Mercury. 



Radical vinegar^ 223. 
Ridlead^ 254. 

6 ^fratlive 



INDEX. 

Refiratlhe f9wer of the air, 49. lendcri the obferratlons of 

low latitudes 'Uncertain^ co. 
Rtgulus of arfemcy 278. ofantimoBy, aSf.of mangaiiefe» 

282. of wolfram, 288. of molybdena, 289. 
Refi/iance and retardation of motions performed in fbads, la 

&feq. 
Retort, iXt. 
Romain, Monf. 99. 
Rozier, Pilatre de, 99. 
Rubber of the eU^rical macbhu, 312 & fcq ' 

s 

Sal-ammoniac. See Ammoniac. 

Salts, 149. 

Salt, common, 143. 189. 192, 

Salt, fedative, or acid of borax, 196. 

Salt, microcofmic, 2o6. 

Salt of tartar, 225. 

Saturation, 143. 

Scheele, 192. 271. 

Sea, method of determining its depth, 89—- ^. 

Sealing wax, eleftrified, 326. 

Selenite, 180. nitrous, 194* ^ ^ 

Shock, ele^ric, 326 & fcq. 

Siliceous earth. See earth,fliceous. 

Silver, 246. 

Smalt, 278. 

Smelting, 235. 

Smoke, why it afcends, 55. 

Soap, 228. 

Soda, fait of See Marine, or Aiineral Alkalu 

Solution, 143. 

Sorrel, fait of See Acid of Sorrel. 

Sound, 65—71. 

Spani/b white, 275. 

Spar, calcareous and ponderous f 1 68. Deitiyflujet or phoQiho- 

relcent, 200. 
Speaking-trumpet, 67. 
Specific gravities, 4. II— 18. do not fdlow &e denlities of 

the particles, 129. 
Speculum metal, 261 • 

Spelter, 279. 

Sptrtt, 
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Sptritj ardent, 293. 

Spirit 9ffalt. Sec Marine Add. 

Springs, intermitting, 78. ' s i 

Stail, 1^0. 177. 

Stars,Jhooting, 367. 

Steel, 266- 

Steam, 83. 

Steam-engine, 82 — 89, \ 

Stockings, eUetricaL arr. 

sublimation, 131 

Sublimate^ corrqfive, 252. 

5«jtor, 207 J its acid. See ^r/W e/* 5«r^, 

Sugar of lead, 257. 

Sugar of milk, 21^. * 

5«/j(>*«r, 141. 172. 18,, ekarified, 355. 

Sylvius, fait of , 199. ""^ 

%*#«, 77, 78. 

T 

Tartar, 221. alkali of, 22 c. 
Temperature. See Heat. 
Tempering of Steel, 268. 

7«», 272. 

7i^, 356. ^ 

^^^f^». 358. 

Tor mellian experiment, '31. 

Touch, magnetic, 300. 

Tourmalin, 356. 

7i^, ele^ric, 308, 

Tungften, 288. 

Turbith mineral, 25 1. 

Twilight, SO— 53. 

V 
Vacuum, luminous, 32c. 

r^rw//(?« £^ /A^ f <>i«/>«A 297—300 i 

A^wnj, metallic, 235. '' '^ 

Verdigris, ^59, v 

Vermillion, 250. v 

^#/j, f^^wVtf/, 129 & feq. 
Vimgar. Sec Acid, acetous. 

^ s Vitriot, 
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t^triol^ 182. * ^ 

Vttriplated tartar y 1 80. 
f^latile bodi^Sf 128. 
Volcanos^ 233. 
Volta, Mr. 348. 

W 

Wadt blacky 284*'^ 

Watery 148. 157. ct paflim, : 

fVater-fpoutSy 64. 370. 

fVeidingy 264. 

fVhirlwlndsy 6j. 

fVhiJpering gaileryy 67. 

IVhitekady 255. j 

/^f)^, 292. ' J 

Willhy Mr. his method of fecurii^g retorts In the making of j 

phofphoniSy iji. j 

fVill'with'the-whifpy 369. . * | 

Wlndsy their cauie, 55. the diiSerent winds enumerated, j 

and accounted for, 56—^5. , I 

Wtneyfpr^t of. See Spirit y ardent. 
fFol/ramy 288. 

Z 

Z^f, 278. ^ 

Z^ro, naturaly of the thermometer, 118, Ii9« 

Zinky 279. 



